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RETINOID-GLITAZONE COMBINATIONS 



FIELD OF THE INVENTION 

This invention concerns a combination of a retinoid and a glitazone for 
treating diseases associated with uncontrolled cellular proliferation, such as 
cancer, restenosis, and atherosclerosis 



BACKGROUND OF THE INVENTION 

Many disease states are characterized by the uncontrolled proliferation and 
differentiation of cells. These disease states encompass a variety of cell types and 
maladies such as, cancer, atherosclerosis, and restenosis. Growth factor 
stimulation, autophosphorylation, and the phosphorylation of intracellular protein 
substrates are important biological events in the pathomechanisms of proliferative 
diseases. 

Cell proliferation is a tightly controlled process in higher organisms. 
Defects in cell proliferation control can induce tumorigenesis, augment 
athefoscleroticTesibh development/ and inducenrestenosis following-angioplasty . - 
Cell proliferatioii'defects My also block nbftrial proliferative responses such as in 
symptomatic cofnplications of diabetes (e.g., woundhealing); Identification of v v 
Irenes that control the cell cycle progression has attracted a giieat deal of attention, 
since this knowledge may lead to the practical development of new therapies for; ; 
20 cdncer, cardiovascular diseases, and diabetes. - < • = a.** 

PP ARy is a nucleai; hormciile receptor which belongs to the peroxisome - - 
proliferator activated receptor (PPAR) family. Currently, three types of PPAR " 
Receptors have been cloned from various species and includes PPARoc, PPAR0 .* 

Z (also known as PPAR6), and PPARy. Twu PPARy 3ubtypos»;PP ARyl and _ 

25 PPAR72, are generated from alternate splicing of the same gene. PPARyl and 
PPARy2 share the same amino acid sequence, excegtlthat PARy2 has 

is ■-. >:««.! 7'i • :.t: . 

30 additional amino acids itfits N; terminal. Chimeric nuclear hormone receptors- 
containing a PPAR ligahd-bindiii| domain identified the compound Wy 14643 as 



10 
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a ligand for PPARSi 'and the thiazolidinedione, BRL 49653 (rosiglitazone), as a 
ligand for PPARy (Wahli et al., Chem, BioL, 1995;2:261-266). Upon ligand 
binding, PPAR receptors activate tKe transcription of many PPAR responsive 
genes, including acyl CoA oxidase, apolipopfotein A-I, arid aP2. 

Retinoids play an essential role in controlling the normal growth and 
differentiation of various tissues and are therefore important, for prevention and 
treatment of premalignant and malignant lesions. It has even been found that 
retinoids can cause cellular repair of hyperplastic, metaplastic, and dysplastic 
lesions caused by carcinogens. Moredver, retinoid deficiency has-been shown to 
enhance susceptibility to chemical carcinogenesis. Indeed, retinoids are essential 
'for thenormai cellular growth and differentiation ofepithelial tissues where more 
tfian half of the tbtal primary cancers develdp inbothmen and women. These 
epithelial tissuesinclude the mouth, bronchi, larynx, pharynx,- breast, esophagus, 
stomach, colon, uterus; kidney, bladder, testis, prostate, pancreatic ducts, and skin. 
In the absence' of retinoids in the diet, normal cellular growth and differentiation is 
disturbed. ' \„ « , .< ; . . K \. ... r . .. t . 

We iave now discovered that 9-cis-retinoic acid (RA) and PPARy play 
important roles in the regulation of cellular growth arid differentiation. In THP-1 
cells, a human monocytic leukemia cell line, RA markedly induced PAR7I RNA, 
wherea* PPARt2'RNA was undetected. Nuclear PPARyl protein content, as well 
as cell growth 'suppression, paralleled the concentration dependent RA induction 
of PARyl RNA. During a 2-day culture period, THP-1 cell number increased 
nearly 2-fold in the absence of RA, whereas cell number remained unchanged 
• . with;500 nM/RA treatment. Addition of a glitazone PPARy ligand, BRL 49653 
significantly and concentration dependency enhanced the growth suppression 
ability of RA. The simultaneous treatment of THP-1 cells with a suboptimal 
inhibitory' concentration of RA (5 nM) plus BRL 49653 (10 \M) completely 
arrested cell growth. 

■ : ' r r • An object of this invention is thus to provide combinations of a retinoid 
and a glitazone and a method^ of treating proliferative diseases by administering a 
combination of a retinoid and a-glitazpne> ...... .. 
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« ' "•' •■ SUMMARY OFTHEINYI^PIO^ • 

.' • This invention provides a compositioii^^M^mbination of a retinoid 

and a glitazone-The inyention further provides^ method fa inhibiting and 
. controlling cell proliferation comprising administering an effective amount of a 
:S~ f retinoid and.an effective amount of a glitazone. The invention further provides a 
■ .. : :« method for inducing cellular expression of PPARyl RNA and protein. 
J > .!< A preferred embodiment is ^combination of 9-cis : RA and a glitazone 

" •' * selected from troglitazone,.pjoglitazone, and rosightazone, . 
•.•VI 2 J -j. -■ Numerous compounds are known •wh^ch^f^iw^r^.asretinoids. A 
10 " • ' comprehensive discussion of. retinoid^ is giyen,by Paw^.and Hobbs, in 
■ " Chapter^ of-The Retinoids: Biology, Chemistry, and Medicine, 2nd ed., Spom, 
-iv - Roberts,Tand Goodman, Raven. Press, Ltd., New Y^rk, , .1994. That reference is 
- -i ^ incorporated herein by reference for its > tea^g<^^ 8ynttesis : <rf retinoids. All 
'L.H.- that is required by. this' invention is&at a compound characterized as a retinoid is 
15 administered to an animal in combination with a glitazone,. ... .. ; . 

t.'.v f .« ; < ' Preferred retinoids to*e utilized in ijgc pi^f. invention include retinoic 
i acid of the. formula, 0 ■[.:'-. ^ /~ . -.-s*. 



■ ar: r •,• ,oi 



A '3 




'1 , 



Reiinoic acid derivatives also are prefened, for example, compounds of 
20 the formula """ • • '*' 



COOester 




wherein Ar is an aryl group and "ester" isi an organic ester forming group. 
• Retinoids which are dienyl- benzoic acid and enzynylaryl. carboxylic acids 
also are preferred. For example^compounds of the formula : ,- 0 




where K\ is cycloalkyl or aryl, and R2 is a typical phenyl substituted group such 

as halo, alkyl, alkoxy, alkylthio, and the like. 
Compounds such as 



.'1: a: 



■ - 'J V , . ;| - 

where R3 is, for instance 



- r : , _ : , r ^ . _ ^^COOH 



, or 



also are preferred. 

All of the retinoids required for this invention are known and available by 
10 : well-known synthetic methodologies. 

\n The glitazones are a family of antidiabetic agents characterized as being 
• . ' thiazolidinediones or related analogs. They are described in Current 

Pharmaceutical Design, 1996;2:85-101. Typical glitazones have the formula 



•( C H 2 )n-°-\ // 




15 where n is 1, 2, or 3, Y and Z independently are 0 or NH; and E is a cyclic or 
bicyclic aromatic or non-aromatic ring, optionally containing a heteroatom 
selected from oxygen or nitrogen. 

Preferred glitazones have the formula 
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RoO 



•( CH 2)n-° ; - H 0-" CH 2'-T 



NH 



10 



15 



wherein: 

Rl and R2 independently are hydrogen or C1-C5 alkyl; 

R 3 is hydrogen, a C x -Ce aUphatic acyl group, an alicyclic acyl group, an aromatic 
acyl group, a heterocyclic acyl group, an araliphatic acyl group, a (Cj-C6 

r 

alkoxy) carbonyl group, or an aralkyloxycarbonyl group; ? 
R 4 and R 5 independently are hydrogen, C1-C5 alkyl, C1-C5 alkoxy, or R4 and R 5 

together are C1-C4 alkylenedioxy; 
W is -CH2-, >CO, or CHORg, where R6 is any one of the atoms or groups 
. v defined for R3 and may be the same as or different from R3; 
n, Y, and Z are as defined above, and pharmaceutically acceptable salts thereof. 

An especially preferred glitazone is troglitazone having the formula 



: I ■ 




. Other glitazones that can be employed in this invention are described in 
United States Patent No. 5457, 109, which' is incorporated herein by reference. 
Other specific glitazones which are preferred include ciglitazone, pioglitazone, 
or.c, TA 174, which hag thf formula 
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and BRL 49653, which is now called rosiglitazqne and has the formula 




< Additionally preferred glitazones include: 

5 5-(4-[2-[H4-2'-Pyridylphenyl^ 

' thiaz6lidihe-2,4-dipne; , - , - % , , . , 

V -r-rj 5-(4-[5-Methoxy-3rmethylimidazo[5,^^^ 

• thiazolidine-2,4-dione ?: or its .hydrochloride 
i . > s-. 5-[4-(6-Methoxy- ^methylbenri^ 
10 ' thiazolidine-2,4-dione; - u ... f 
v.; J ,5-[4-(^MethylbenzimidazQl-2-ylm^ 
- - • andi .: 4 *; • • • . * 

' jrf; , 5-[4-(5-Hydroxy-h4,6/7-te^^ 
> ; thiazolidine-2,4-dione. 

15" ; Another embodiment of the invention.is a method for inhibiting cell 

- : - ..» -proliferation comprising administering a glitazone together with a retinoid. A 
.'. 1 preferred method comprises treating cancer. 

' : ' BRIEF DESCRIPTION OF THE FIGURES 
; ' ' • ,; ' - 1 ■ " ; {i • •* - 

* Figure 1. RA induced growth suppression in THP4 cells. THP-1 cells 
20 vfere plated out at around 150000 ceMmL ahd'cultured^.fpr up to 2 days in the 
presence of RA at different cbnceritratioris. Ceil, number was counted daily, and 



WO 99/48529 .PCT7US98/25494 

-7- 

the average of the experimental data from three independent experiments were 

showing. 1 ' ' 

Figure 2. Induction Of PPARyl expression by RA in THP-1 cells. 

(A) Total cellular RNA was isolated from the THP-1 cells treated with either 
5 DMSO or 500 nM RA for 1 day. RNase protection assay was performed as 

described under "Experimental Procedures." RNA was hybridized to both PPARy 
probe and GAPDH probe. The PPARy probe recognizes both PPARyl RNA 
(94 bp signals) andPPARy2 (163 bp signals). (B) Top panel, total cellular RNA 
. was isolated from the THP-lxells treated with either DMSO or 500 nM RA at 
10 different concentrations (5 nM to 500 nM) for Mayand hybridized to PPARy 
probe. Bottom panel, nuclear extracts were isolated from the THP-1 cells treated 
with either DMSO or RA at different concentrations (0.05 nM to 500 nM) for 
1 day and assayed for PPARyl protein' by western blot analysis. The strong band 
above ■ the PPARyl' band is nonspecific: 1 :v ' 
15 Figure 3. The simultaneous treatmehf of fee THP-1 cells with RA and 

BRL 49653 resulted in ah additive ? effect ori"uie growth suppression. THP-1 
cells were plated out at aroUtidH 500(30 cells/mL and culturedfor up to 2 days in 
the p'resence'of different s i timdai6rs?'Ceil number was counted daily. (A) The 
THP-1 cells were cultured with either DMSO or BRL 49653 at. the indicated 
20 concentrations. (B) The THP-f cells w^fe cultured with either DMSO or the 

combination of RA and BRL 49653 at the indicated concentrations. (Q THP-1 
cells were harvested after treated with RA, or BRL 49653, or the combination of 
RA and BRL 49653 for 1 day. The cell cycle flow cytometry analysis was then 
" ' carried out as described under "Experimental Procedures." The results showing 
25 were the average of the experimental data from three independent experiments. 

Figure 4. The RA-induced growth suspension did nofe result in the 
differentiation of the THP-1 monocytes into macrophages. (A) Florescence 

<w»,ot.H ^n.cMtinp (FACS1 histogram of CD14 and CD15 cell surface antigens 

of the THP-1 cells. THP-1 cells were treated with RA or DMSO for 1 day and 
30 harvested' for the immunocytometey analysis as described under "Experimental 
•- • • procedures." • (B) The' ceH: numbers 'of the suspended, THP-1.. cells were counted 
after treated with DMSO; RAfPMA, or RA; plus PMA for 1 day and expressed as 
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the percent of iM initial cell number when THP-1 cells were plated out for 
different treatments. The results showing were the average of the experimental 
data from three'independent experiments. 

- Figure 5: The induction of PPARy expression by RA was specific to 
undifferentiated THP-1 monocytes. (A) Total cellular RNA was isolated from 
the THP-1 cells treated with the indicated stimulators for 1 day. RNase protection 
assay was performed as described under "Experimental Procedures." RNA was 
hybridized to both PPARy probe and GAPDH probe. (B) THP-1 cells were first 
differentiated with 2, x 10" 7 M PMA for 1 day, and then treated with either DMSO 
or 500 nM 9-cis-Ri^ r for another day. Total cellular RNA was isolated afterward 

• * ' ~ • ■* -U- l t.. 4 . 

and used for the RNase protection assay with both PPARy probe and GAPDH 
probe. 



.DETAILED DESCRIPTION OF THE INVENTION 

All that is required for this invention is to administer an effective amount 
of a retinoid to an animal in combination with an effective amount of a glitazone, 
.said amounts being effective jbr reducing cell proliferation, and/or inducing 
cellular expression of PP ARyl . I * ! 

Preferred retinoids to be utilized are benzoic acids and carboxylic acids 
and esters thereof, particularly Gj-Cg alkyl esters, such as : methyl, ethyl, 

isopropyl, isopentyl, and n-hexyl. 

Typical benzoic acids to be utilized include those of the formula 

COOH 




R 2 *2 



wherein R\ is cycloalkyl or aryl and R2 independently. are: 
R2 substituent group such as halo, hydroxy, amine, mono- and dialkyl amino, 
Cj-C6 alkyl, C^-Cg alkoxy, or C^-Cg alkylthio, and n is 0 or 1. The cycloalkyl 
group can be a single ring; for instance a C3-C7 cycloalkyl ring, optionally 
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suktituted withiialo, alkyl, alkoxy, alkylthio, ostfae like; or bicyclic. Similarly, 
' Sfeoyl can be monocyclic ofSicyclicrfor instanceypfaenyl or naphthyl, it can be 
cycloalkyl fused to an aromatic ring, for instancera^enzDcyclohexane or 
" beniocycibheptane; and anjPof the'ririg systems cancbntain.heteroatoms, for 
it: instance, {, 2, <**3 heteroatoms selected from sulfur, oxygen, and nitrogen. The 
■■■ "rings can also be substituted, Tor Example, With 1,2, or 3 groups such as R 2 and 
R 2 '. Many of the retinoids have an alkylene chain which'can exist as cis and trans 
isomers. Both the all cis and all trans, as well as mixtures, can be used herein. 
Examples of preferred retinoids to be utilized in the method of this 
10- ,.. invention include s those having the* following structures;- • w 

COOH 



5 



k Ri: 




-i-.O 



y :vit : >-,.•« , 0 -; „ » jA - •„ .. • 

where Ri is, for instance 

- '•• 3-. •.:»(!. srs .!:.. • ■ .V;. tr/y; -: u. •.!.,. 

>\- \/. • lo -- V vt ''"v^! .,.•«; iv-..-c-at.> 

... -S' ^ • ,-,,-.,,^7 •" ,d 
and Rj is'hydrogen, halo, or alkoxy; .;. 






15 




where R\ is 



CQOEt 




COOH 
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where Ri is aMcyl'or dialkylphenyl, or a bi- or tricyclic ring such as: 




acid; 



3-Huoro^42-methyM-(2,6,6-^ 
l,3-dienyl]-benzoic acid; * - . v . • ^ 
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3-Methoxy^[2-methyl-4K2 ; 6,6-trim^^ 

l,3-dienyl]-benzoic acid; ,. 
'" " ' • - 544-(2,6,6-Trimethyl-cyclohex- l-enyl)-but-3-en-l f ynyl],-thiophene- 

*' 2-carboxyiic acid ethyl ester; 

5 5-[4<2,6,6-Trimethyl-^^ 

2-carboxylic acid ethyl ester; 
/ x 6-[^(2,6,6-Tnmethyl^yclohex-l-enyl)-but^^n-l-yn acid; 

4-[2-(3-tert-Butyl-phenyl)-propenyl]-benzoic acid; 

7 ' ' ^-[2-(4-tert-Butyl-phenyl)-pfopenyl]-ben2oic acid; 

10 " 4-[2-(3,4-Dimethyl-phenyl)-propenyl]-behzoic acid; 

4.[2-(3,4-Diethyl-phenyl)-propenyl]-benzoic acid; 

' 4-[2-(3,4-Diisaprppyl-ph^ 

; , Si i[2-(54sobutyl-tricy^ 

benzoic acid; 

15 4-[2-(3 ,6-Dimethoxy-tricyclo[6.2. 1 .0>2,7 Jundeca-2,4,6-trien-4-yl)- 

propenyl]-benzoic acid; 
. Benzoic acid, 4J2<2 f M.4a-tetrahydio^W 

methanodibenzofiiran-8-yl)ethenyl]-; | 
" 4-[2-(6,73,9-Tetrahy<^^ 
20 acid; 

4-[2K7-Methyl-6,7,8,9-tetrahydro-5H-benzocyclohep 

.benzoic acid ethyl ester; jr 

' '4.[2-(5,5-Dimethyl-6J3,9-tetrahydr6-5H-benzocyclohepten-2-yl)- 

propenyl]-benzoic acid ethyl ester; - 
25 4.[2-(3,7,7-Trimethyl-6,7,8,9-tetrahydro-5H-benzocyclohepten-2-yl)- 

propenyl]-benzoic acid methyl ester; - ; . .. 

4-[2K7J-Diraethyl-3-octyl-.6,7,8>tetrahydro-5pbeiizocyclohepten-2-yl)- 

propenyl]-benzoic acid; .,. . 

4-[2-(7-Kthyl- /-meOiyl-6,7,8,9 tctrahydro 5H-hfMiTnryrlnhepten-2-Yl)- — 
30 : propenyl]-benzoic acid ethyl ester, . 

Benzoic acid, 4-[2-(5,6,8,9-tetrahy^ 
cyclopropane]-2-yl)-l-propenyl]-, ethyl ester, 
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\'i . Benzoi§*cjd;4~[2-(5,6,8,9-tetrahyd^ - 
cyclopentane]-2 r yl>-l^propenyl]-, ethyl ester; 

4-[2-(7-Oxo-6J,8,9-tetrahydro-5H-ben2ocyclohepten-2-yl)-propenyl]- 
benzoiaacid.ethyPester, - r ^ 

4-[2-(9-Methyl-6,7,8,9-tetrahydro-5H-benzrc^ 
benzoic acid ethyl-ester, , 

4-[2-(5,5,9-Trimethyl.6,7,8,9-tetrahydro-5H-benzocyclohepten-2-yl)- 
propenylj-benzoic acid ethyl ester; 

4-t2-(7J,9-Trimethyl-6,7,8,9-tetrahydro-5H-benzocyclohepten-2-yl)- 
- propenylj-benzpic acid ethyl .ester; to , . . 

4-[2K5,9,9-Trimethyl-6,7,8,9-tetr^ 

::propenyl] T benzoic acid ethyl ester; i . 

• . «. - . _ . ,^ ^ 

4-[2-(7,7,9,9-Tetrametbyl-6,7,8,9-te^ 

• *? 

:propenyl]-benzoic acid;;. : ; 

4-[2-(6,6 > 8,8-Tetramethyl-7-oxo-6,7,8 5 9-tetrahydro-5H- 
-benzocyclohepten^-yl)^ acid ethyl ester; 

4-[2-(4,4-Dimethyl-chroman-7-yl)-propenyl]-benzoic acid; 
. ; : 4-[2-(4,4^pimethyl- 1, l-<Hox<^thiochroman-7-yl)-propenyl]-benzoic acid; 

4-[2-( 1 ,4,4-Trimethyl- 1 ,2,3,4-tetrahydro-quinolin-7-yl)-propenyl]-benzoic 
acid;.-,. > c v :: -. r . ?i ,■ 

4-[2-(2,3-Dihydro-benzo[ 1 ,4]dioxin-6-yl)-propenyl]-benzoic acid; 
: . 4r[2K23-pihy<fro-benzo[^^ acid; 

4-[2-( 1 ,4-Dimethyl- 1 ,2,3 ,4-tetrahydro-quinoxalin-6-yl)-propenyl]-benzoic 
r acid; \ u: .; . § „ . 

4-[2-(2,3,4,5-Tetrahydro-benzo[b]oxepin-8-yl)-propenyl]-benzoic acid; 
. . 4-[2-(23^4,5-Tetrahydro-benzo[b]oxepta-7-yl)-j)ropenyy acid; 

4-[2-(2,3,4,5-Tetrahydro-benzo[b]thiepin-8-yl)-propenyl]-benzoic acid; 

4-[2-(5-Methyl-2,3,4,5-tetrahydro^^ 
benzoic acid; 

* 4-[2-(5,5 : pimethyl-2,3,4,5-tetrahydro-tenzp[b]thiepin- 
benzoicacid; 

. ■ • / • 442-(3,3-Dimethyl-2,3,4,5 : te^ 
benzoic acid; 
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* £[2-&iU,5-Tetr^^ acid; 

benzoic acid; 

4-[2-(3-Methyl-23,4,5-tetrahydro-benzbtb]0ii^ 

benzoic acid; 

4-[2-(3,5 f 5-Trime(hyM^^ 

.j v 1 ■ ^-^ - • -J 

benzoic acid; 

4-[2-(33-Dimethyl-23,4,5-^^ 
benzoic acid; 

4-[2<U-Dioxo-2,3A54ettih^ ' : 

four .ji-y /.ornn'i ?. \ 

benzoic acid; 

4-[2-( 1 , 1 -Dioxo-2,3,4,5-tetf ^ y aro-benzo(b]thi^in-7Tyl)tpropenyl]- 
benzoic acid; 

propenyl]-benzoic acid; ' ' ^ J * J - • 1 

4^[2k3-Me^ 
propenyl]-benzoic acid; - 

' 1 ^-(^ 

Y ' •' * . '? t .1,1 -'\ii:i*r\ '1* * »'■» i £ 

acid; 

^[2-(3-Methyl-3,4^hydro-2H-benzo[b][l,4]dioxepin-7 

benzoic acid; 

i[2<7J-Dimet^ 

propehyl]-benzoic acid; 

4-[2<7,8-Dihydro-6H-5,9-dithia-benzocyclohepten-2-yl)-propenyl]- 

benzoic acid; 

4-p-(7-MetbyW 
prppenyl] -benzoic acid;' 

' 4-[2-(5-Methyl-23^54e^ 



benzoic acid; 

: V[2-(3,'5-^imethyl-2,3;4^5^ [ 1 ,4]thiazepin-8-yl)- 

propenyl]-benzoic acid; 

? * 1 ' ' " t[2-3>^ acid; 

4-[2-(2,2-Dimethyl-benzo[13]dithiol-5-yl)-prepenyl]-benzoicacid; 
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' 4-StyryM)efn2oic acid; - » 

4-[2-(4-tert-ButyI-phenyl)-vinyl]-benzoic acid; 
4-(2-TMbyclo[6.2J.0>2J^ acid; 
Benzoic acid, 4-[2-(23,4,4a-tetrahydro^a,10,10-trimethyl-lH--3,9b- 
5 ' methanodibenzofiiran^8-yl)ethenyl]-; * . t t - _ 

4-[2-(4-Methoxy-23,6-trimeto^^ acid; 
- 4-{2-[4K3-Methyl-but-2-enyloxy)-phenyl]-vinyl} -benzoic acid ethyl ester; 
r> * : 4-{2-[2-Methyl^(3-methyl-but-2-enyloxy)-phenyl]-vinyl}-benz 

' * ethyl ester; . :» ' ; . . :r #'■•..7 

10 Vj > 4-{ 2-[2-Methyl-4-(3rmeAyl-but-2 : eny 
acid ethyl ester; 
J 4-[2-(5,5,8,8-Tetrame^^ 
benzoic acid; 

. ^ 4^[2^1-Methoxy-4,5,5,8,8-pent^ethyl-5,6J,8rtetrahydro-nap^^ 
15 2-yl)-vinyl]-benzoic acid; 

. •»« ; ■:. ^ ,;^-[27(l-Methoxy-3,5,5,8;8Tpentamethyl-5 
2-yl)-vinyl]-benzoic acid; 

.L4-[2-(l-,4-Dimethoxy-5,5,8,8-tetramethyl- 
2-yl)-vinyl]-benzoic acid; , : < : - 
20 " - 4-[2-(13-Dimethoxy-5,5,8,8-te.fr^ 

2-yl)- vinyl] -benzoic acid; T #| 

L ...... *'4-[2-(l-Ethoxy~37methoxy-5,5,8,8^ 

naphthalen-2-yl)-vinyl]-benzoic acid; 
w- r : ,,i:,4-[2-(l-Isopropoxy-3-methoxy-5,5,8,8-tetrame^^ 
25 naphthalen-2-yl)-vinyl]-benzoicacid; . • . 

^4-[2-(3-Methoxy-5,5,8,8-tetramethyl-l-propoxy-5,6,7,8-tetrahydro- 

naphthalen-2-yl)-vinyl]-benzoic acid; 

4 r [2-(l-Butoxy-3-methoxy-5,5,8,84etramethyl-5,6,7,8-tetrahydro- 
naphthalen-2-yl)-vinyl]-benzoicacid; . • , 
30 -• - 4-[2^(l-Hexyloxy-3-methpxy-5.,533^ 
naphthalen-2-yl)-vinyl]-benzoic acid;.. - . 
*\ : '4-(lJ33-Tetramet^ 

4-( 1 , 1 ,233-Pentamethyl-md^ 
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4-(3,8 > 8-Trimethyl-5,6,7,8-tetrahydro^naphtheaenv2-ylethynyl)-benzoic 

: '^(3-Methoxy-5,5,8,8-tetramethyl-5,6 r 7^-letrah0i5-naphthalen- 

2-ylethynyl)-benz6ic acid; # 1 ■* fi - ; 

6-(4,4 > 7-TrimethyUhroman-6-yletKynyl)-nicotinic acid ethyl ester; 
" 1 ; 6-(3 ,3 ,4,4-Tetramdthyl-chr^an-6-ylethynyl)-nicotinic acid ethyl ester; 
' f 6<33A4,^Pentafnethyl^hro~m^^ acid ethyl ester; 

3 * * ' 6<4,4-Dimethyl-to eth y 1 ester; 

6-(4,4 J-Trimethyl-thiochroman-6-ylethynyl)-nicotioic acid ethyl ester; 

methyl ester; r & 

4-[5-(3-Methyl-5,6 J,84eti^ydro-riaphthalen-2-yl)-lH-pyrazol--3-yl]- 

benzoic acid methyl ester; ' - . 

r ' v : 4-"[3-C5,53i-TetTO^ 

l-yl]-benzoic acid; : - ! : -ox,-; • :^v\- 

C ^2-(5,5,8^ 

imidazol-4-yl]-benzoic acid ethyl ester; : : j ; 

4-[5K5V5/8,^f etramethyl-5,&J;8-te1^ydro-ft 
imidazol-2-yl]-benzoic acid methyl ester;' v- • ah - a ? < [ .-, • ■ 
: £ 4^5-Oxo-3-(5,5,8;8^et^ 

4,5-dihydro-pyrazol-l-yl]-benzoic acid; .'ins . ;. . : 

4-t2-Mtei«p^ 

imidazol-l-yl]-benzoic acid; 7 ' - ' l-:. .i. 

" 44^-(5&£8-Te^ 
2-yl]-benzoic acid methyl ester; J : * -» f ' j ' • : , . 

' i.[5-(5,53,8*-Tetfamethyl-5,6;7\ 

2- yl]-benzoic acid methyl ester; ; - : - ' • 1 ; : 
4-[5-(5,5,8#Tetrame^ 

3- yl]-benzoic acid ethyl ester; ;; * 1 *» ? - ' ^ 
*'4-"[3-(7-Hydroxy^^ 

isoxazol-5-yl]-benzoic acid; -"•■*..' '-^v r. :i 

V[4-(5,5&8-Tet^ 
2-yl]-behzoic acid iiiethyl- ester; {-J- ■ 



. .;; „>(3-Adamantan^ acid; 
2-Naphthalenecarboxylic apid, 6 : (23i4,4a : tetrahydro^a, 10, 1 0-trimethyl- 

; lH-3,9b-methanodibenzofuran-8-yl)r; . 

6-[4.(Methoxy-3-(l-m#yM-nonyloxy-ethyl)fhenyfl^ 

2-carboxylic acid; f • .. 
• •■' . : 6-(34-Dimethoxy-phjenyl)-naphthalene-2-carboxylic acid; 
6-[4-(Adanmtan-l-ylsulfanyl>phenyl]-naphthd 

v. . £Methoxy-5',5X8^^ 



.6:(3-Adamantan-l-yl4-meAoxy-phenyl)4-hydroxy4-methyl- 
naphthalene-2-carboxylicacid; 

,"». • . 2<4-tert-Butyl-phenyl)-benzofuran-6-caiboxylic acid; 
2^4-tert-Butyl-phenyl)-benzo[b]thiophene-6-carboxylic acid; 

" > 

2-(4-tert-Butyl-phepyl)- lH-indole-6-carboxylic acid; 
2-(3-tert-Butyl-4-metboxy-phenyl)-benzofuran-6-carboxylic acid; 

. , 2-(5 ) 5,8,8-Tetramethyl-5 ) 6J,84etrahydro-naphA 

. toboxylicacid; . • , . 

2-(5,5,Wetrame^ 
. -6-cart.oxylicacic; . _. ^ ., ^ 



WO 99/48529 v; PCT/US98/25494 

-17- 

2-(5,5,^S-Te'tramethyl-5,6J3 : tetrahydro-^a^alen-2-yl)-3H- 

benzoimidazole-5-carboxylicacid; 3 *^ < " lojW: ' : ;! 

' ' ' ' 2^3-AdamanWl-yl-4^ acid : 

2-(3-Adamantan-l-yl-4-methoxy-ph^^^ 

5 acid; 

2-(3-Adamantan-l-yl-4-methoxy-phenyl)-3H-behzoimidazole- 
5-carboxylic acid; 

2-(3-Adamantan-l-yl-4-hy(&oxy-phenyI)-3H-tenzoimidazole-5-carboxylic 

-■•> -i : -;:~3... . . -u.'.' i. '•-! ;\ • / 

acid; 

10 2-(3-Adaman^-l-y'i^ : d^ 
acid; 

' ' V " '" BenkS]^ophene'-6-carb6xylic^ 
" C Su'b^trimethyVl^ 

15 methyl]-naphthden'e-2-carboxyiic acid; ■ ««u..;;; ^vi-.. 

6-[Acetoxy-(5,533-teti^^ 

methyl>naphthaiene-2-carboxyllc' : aci9V * c " :>vjri ''' t :i 

6-(ia33-Tetramethyl-indane-5-carbonyl)ihapMialerie-2-carboxyUcacid; 

6-[Hydroxy-(i;i,23,3-pentam^ 
,20 2-carboxylic acid; " 

" ' '" £(6J-Dimethyl-nap^^ 

6-(6-Methoxy-naphthalene-2-carbonyl)-naphthalene^2-carboxylicacid; 

£(6-keftoxy-53-di^ 
2-carboxylic acid; 

25 " 6-[Hydroxy-(6^iiiedioxf 5,8-dimetiiylinaphthaien-2-yl)-methyl]- " 

naphthalene-2-carboxylic acid; - * 

; 6-(6-Methoxy-5£ 

2-carboxy lic acid; 

6-(4,4-Dimethyi-chroman-6-carbonyl)-tfa pliliialeiie-2-LAibo)tylioacid; 



30 6-l(4,4-Dirnethyl-chroman-6-yl)-hydroxy-methyl]-naphthalene- \ 

2-carboxylic* acid;' 

6-(4^Dimethyl-chroman-6-ylmethyl)-nkphtbalene-2-carboxylicacid; 
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2-NaphthalenecarboxyIic acid, 6-[(2,3,4,4a-tetrahydro-4a,10,10-trimethyl- 

y .." . 

lH-3,9b-methanodibenzofuran-8-yl)carbonyl]-; 

6-(2;2HDimetl^ acid; 
6-(4-teit-Butyl-benzoyl)-naphthalene-2^arboxylic acid; 
5 i 6-[(2,4^Di-tetf-butyl-phe^ 

acid; ' s ...... 

6-(2,4-Diisopropyl-benzoyl)-naph^ 
/6-(2;4-Diisopropyl-benzyl>naphthalene-2-'Carboxylic acid; 
6-(4-Cyclohexyl-benzoyl)-naphthalene-2-carboxylic acid; 
10 " ' : 6-(4^Phenoxy-bei]^ 

6-(4-Methoxy-benzoyl)-naphthalene-2-carboxyiic acid; 
" ^ r 6-(6-Methoxy-biphenylr3-GarboriyO 

6-(3- Adamantan- 1 -yl-4-methpxy-benzoyl)-naphthalene-2-carboxylic acid; 
.* • ; vv 6^(4^Methoxy-2;3,6rtrimethyl-benzoyl)-naph acid; 
!5 „v .. f 2-(l;13^:X^ti^ethyl-in(^e-5-caA acid; 
* - ' iv ' 2-( 1 , lA3v3»Ppntpniethyl-in^ acid; 
2-03,6-Dtoetljoxy-^^ 
y < 4Hcarbonyl)-benzoic acid; . ;; „ , . 
t » 2r(lJ-2i33-PentamRthyl-indaner5-carbonyl) r cyclohex- 
20 acid; 

■ r v." 2r(5,5,8,8-Tetramethyl-5,6J,8-tetrahydro-naphth^ 
cyclohexanecarboxylic acid; 

2^n4,233-Pentamethyl-indane-5-carbonyl)-cyclohexan 
^ J - ' r • ' 4-(Tricyclo[6.2. 1 .0>2,7 Jundeca-2(7),3,5-triene-4-carbonyl)-benzoic acid; 
25 4-( 1 , 1 ,2,3,3-Pentamethyl-indane-5-carbonyl)-benzoic acid; 

4-[Hydroxy-(5,5,8,8-tetram^ 
methyl]-benzdic acid; 

4-(2,4-Diisopropyl-benzoyl)-benzoicacid; 
4-[(2,4-Diisopropyl-phenyl)-hydroxy-methyl]-benzoicacid; 
30 4-(3,5-Di-tert-butyl4-hydroxy-benzoyl)-benzoic acid; 

4-[Hydroxy-(6-methoxy-5,8-dimethyl-naphthalen-2-yl)-methyl]-benz 

... ) i 

acid; * - 

* ' ■ i. s -*"*- . * ? 4 
4-[(4,4-dimethyl-thiochroman-6-yl)-hydroxy-methyl]-benzoicacid; 
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'4-(3-Oxo^3-phenyl-propenyl)^ 
4-[3-(3/l-Diethyl-pheriyl)-3 W 

tp^^Dusopr^yl-phenylJ^oxo-prop^yll^^ic acid; 
4-[3-(4-tertiutyl-phenyl)-3WpropenyU 

t[H3^-BWi-^y i >^^* m, P enyll " b&ffi0ic 

4-[3-(3,5-Di-tert-butyl-phenyl)-3-oxo-propenyl]-benzoicacid; 
4-[3-(2,5-Di W^utyl-p'beflylVS^oxdf-propenyll-beflzoic acid; 
'*4i [ 3-W3-(5 ) 5&8^^ 



propenyl]-benzoic acid; 

propenyl]-benzoic acid; 
' 2^y l d&x>-[3^ 

' ^hie^2-yl>pi^yl]-^rao^ acid;- ---'^ -c 
' * L ' ^^i-Dimethyl^hroma^ acid; 

" L 4-[M3,iDi^ «** 

4-[l-Hydroxy-3-(2-hydroxy-phenyl)^-ox^propenyU-benzoicacid 

20 acid; and 

^[S^tert-butyW-hycitoxyipheny^l-hydrox^ 

acid. 

'" 'otoer retinoids which ^ 
" tatofr pdyolrfmic caAoxyiiC acids, ildehyd*. and #cohols having the general 

( 25 formula 
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where R\ includes the cycloalkyl and aryl groups such as those described above, 

andn isO or lv . - 

. Typical Ri groups additionally include the following: alkyl such as ethyl 

and hexyl; cycloalkyl such as cyclohexyl, alkylcyclohexyl, dialkylcyclohexyl, 



5 cyclobexenyl, cyclopentyl, dialkylcyclopentyl, cyclopentenyl, mono- and dialkyl- 
cyclopentyl; and aryl such as phenyl, hydroxyphenyl, methoxyphenyl, halophenyl, 
thienyl, furanyl, pyridyl, and polycyclic systems, such as 
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The retinoids to be utilized in this invention also include the various 
stereochemical isomers, for example, the all transisomers-(E,E,E,E), the 9-cis 
isomers (E,E,Z,E), and the 13-cis isomers (Z,E,E,E). 

Typical retinoids of the above class which can totalized to lower Lp(a) 

include the following: 

3,7-Dimethyl-undeca-2,4,6,8-tetraenal; 

9-Cyclohexyl-3,7-dimethyl-nona-2,4,6,8-tetraenal; 

3,7-Dimethyl-9-(2,2,6-trimethyl-cyclohexyl)-nona-2,4,6,8-tetraenal; 

9-Cyclohex-l-enyl-3,7-dimethyl-nona-2,4,6,8-tetraenal; 
3,7-Dimethyl-9-(2-methyl-cyclohex-l-enyl)-nona-2,4,6,8-tetraenal; 
? ' (fi/ c . e nvlV3.7- dimethyl-nona-2,4,6,8-tetraenal; 



3 ) 7-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8-tetraenal; 

9- (2,6-Dimethyl-cyclohex-l-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenal; 
3-Methyl-9-(2,5,5-trimethyl-cyclopent-l-enyl)-nona-2,4,6,8-tetraenal; 

10- Isopropyl-3-methyl-dodeca-2,4,6,8,10-pentaenal; 
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-3-Methyl-dpdeca-2,4,6,8,10-pentaenal; _ . t . 
3 J-Dim^) : 9-X2,6 t 6-trimethyl-cyclohex 1 ,3-dieny])-nona- 
2,4,6,8-tetraenal; 

n 3J-Dimethyl-9-phenyl-nona-2,4,6,84etraenal . 
9-(3-Hydroxy-2,6,6-trimethyl-cyclohex-l-enyl)-3,7-dimethyl-nona- 
2,4,6,8-tetraenal; 3 . . % • 

3J-Dimethyl-9-(2,6,6-trimethyl-3-oxo-cyclohex : l-enyl)-nona- 
2,4,6,8-tetraenal; - 4 ? „ 

. 3 J-Dimethyl-9-(2 i 2,6-trimethyl-7-oxa-bicyclo[4. 1 .O]hept-l-yl)-nona- 
2,4,6,8-tetraenal; 

3,7-Dimethyl-9-(2,2,6-tri^^ 
nona-2,4,6,8-tetraenal; - - rv. \ ■• ' ■ "■• - — 

• 9r(4-Metho^y-2,3,6«7trimethyl-phenyl)-3 ,7-dimethyl-nona- 
2,4,6,8-tetraenal; ; . : • . : . . r . ; , . . f . , , . . . . 
' : 3-Methyl-9-(2,4,5-trimethyl-^ 
' . 3,7-dime%l T H?»6,6-tim^ 
l-ol; Pf ,, 

• - i All: trans-9r(4rPimethylaminpTpte 
2,4,6,8-tetraenal; 

' ; 3 ,7,1 l-Trimethyl-dodeca-2,4,6,8,10-pentaenal; 

3,7-Dimethyl-9-(2,2,6-trimethyl-cyclohexylidene)-nona-2,4,6,84etraenal; 
- :3-Methyl-7r(4,4,7a-trimethyl-2,4,5,6,7,7^ 
octa-2,4,6-trienal; 

•>-". ; 9-(2,2-Dimethyl-6-methylene7Cyclohexyl)-3,7-dimethyl-nona- 
• -2,4,6,8-tetraenal; ; « ; , . 

9rAdamantan-2-ylidene-3,7-dimethyl-nona-2,4,6,8-tetraenal; 
*-5,9-Dimethyl-U-(2,6,6rti 
2,4,6,8, 10-pentaenal; - 

j 3,7-Dimethyl-9K2,6,6-t™ 
3,7-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,8-dienal; 

• • ' 3,77Dimethyl-9 : (2,6,^ 

3,7-Dimethyl-9-(2,6,6-trimethyl^yd 

2,7-Dimethyl-9-(2,6,6-trimethyl-cyclohex- 1 -enyl)-nona-2,4,6,8-tetraenal ; 
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13-(2,6,6-Trimethyl-cyclohex-i-enyl)-trideca-2' J 4i6,8,10,12-hexaenal; 

i! ' l7-(2,6,6-TriAe^ 

2,4,6,8,10, 12,14,16-octaenal; rk-tagrr-.v. 

7-Ethyl-3-metoyl-9-fo'6;6%iifc^^ 

' ! 2,4,6,8 : tetraenal; '" : 1 ^ 

2,3 ,7-Trimethyl-9-(2,6,6-trimethyl-cyclohex- lf^enyD-nona- 

2,4,6,8-tetraenal; " *' " ' ' ; ' 

7-Methyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4;6,8-tetraenal; 

* ' 2,7-Dlmetoyl-9-(2;6^ 

l-ol; _ ^ io <> 

" (E,E,E)-3 : ,7^dlinethy^ 

(Z,E,E)-3,7-dimethyl-undeca-2,6,8-trien-4'ye4-'61; ' . ' 

acid; 

(Z,E,E,E)-2,3,7-trimethyl-undeca-2,4,6,8-tetraenoic acid;. •- 

; ' *' 7-Met£yl£(£6^ 

{5-[l-MeAyl-3-(2,^,6-trime^yl-^lohex-Uenyl)-^ 

3-enylidene } -acetaldehyde; 

' j4-[lTMethyl^3-(2,6;6-trimethy^yclbhe^ 

2-enylidene}-acetaldehyde; k- ; 

3-Bromo-7-ihethyl-9-(2,6,6-tniiiethyl-cycloB€6c- l^enyl)-nona- q 

2,4,6,8-tetraenal; 

" l " 6:Flubro-7-mediyl-9-^ 

2,4,6,8-tetraenal; ( - ^ 

: 7-Methyl-9-(2,6,6-triiriet^ 

6,7-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8-tetraenal; 

3-Methyl-9-(2;6,6-triihethyl-cyclohex- l-enyl)'-riona-2,4,6,8-tetraenal; 

" '9-(2,6,6-frimethyl-cyclohex-l-enyl)-hona-2,4,6,8-tetraenal; 

7^ethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8-tetraenal; 

' { 5-[l -Methyi-3-(2,6,6-trimethyl-cyciohex- l^eiiylj-allylidtnc] cyclohrpf 

3-enylidene}-ace'taldenyde;' ' ;1 ' • . 
'" {^i-M6tnyl-3^i3;6-tnirie%l-cyctoh^ 

'2^nyli<iene'}-acetaifenyde'; ::, -* r -"^ 1 "' f 
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■ 4,8-DiitibtliyM0-(2,6,6-^ 
2-one; 

2- Bromo-3,7-dimethyl-9-(2,6,6-tto 
2,4,6,8-tetraenal; * ~ c ; 

5 2-Fluoro-3,7-dimethyl-9-(2,6,6-t^^ 
1 2,4,6,8-tetraenal; — 

3,7-Dimethyl-9-(2,6,6-trime%l<yclohex-l-enyl)-nona-2,4,6,8-tetraen^ 

acid; 

3- Methyl-6-(U,4,4-tetrame^ 
10 'hexa-2,4-dienoic acid; ... 

3-Methyl-6-( 1,1 ,4,4-tetr^^ 

hexa-2,4-dienoic acid; 

(E,Z^)r3 : tert.-butyl : 7-m^ 

3-Methyl-6-( U,4,4-tetram^^ 

15 3,5-dienoic acid; 

' v ' ' . .-r .... 

3-Metfiyl-6-( 1 , 1 ,4,^tetramethyl-4,5,6 ,7-tetrahydro-, 1 H-inden-2-yl)-hexa- 

3,5-dienoic acid; 

. 3-Me&yl-6K33a,7,7-tetrape%l^,5,6J-tetrahydro-3aH-inden.2-yl)- 
hexa-3,5-dienoic acid; . .. 

20 3 -Methyl-6-(3,3a,7,7-tetramethyl-4,5,6,7-tetrahydro-3aH-inden-2-yl)- 
hexa-3,'5-dienoic acid; 

3-Methyl-6-(2,4 ) 4-trimethyl-l-methylene-2,3,4,5,6,7^hexahydro-lH- 
inden-2-yl)-hexa-2,4-dienoicacid; 

2,3,7-trimethyl-9-(2,6,6-trimethyl-cycIohexa-l,3-dienyl)-nona- 
25 2,4,6,8-tetraenoic acid; 

?-(4-dimethylanunopheny^ 

and 

3-Methyl-6-(2,4,4-trimethyl-l.methylene-2,3,4,5,6,7-hexahydro-lH- 
inden-2-yl)-hexa r 2,4-dienoic acid. 
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Additional retinoids which can be utilized areia^dienoic acids of the 



general formula 




COOH(oralkyl). 



where Ri is aryl, especially phenyl substituted with further aryl, cycloalkyl, and 

fused cycloalkylaryl groups. 

Preferred retinoids have the formula 



'J '':i! v ' 



COOH (or-alkyLsuGh^as.methyl) 




where Ri»is aryl, cycloalkyl, or polycycib of the following general formulas: 




10 Specific retinoids included within the above general formulas include the 

following: 
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5K4-Cycloundecylidenemethyl-phenyl)-3-methyl^ acid; 

5-(4-Bicyclo[22.1]hept-2-ylidenem^ 
2,4-dienoic acid; - - 

5-{4-[2-(4-Methoxy-2,3,6-t™^^ 
penta-2,4-dienoic acid; ' 

2,4-Pentadienoic acid, 3-methyl-5-(23A4-tetrahyto 
lH-3,9b-methanodibenzofuran-8-yl>; * 1 

3_{4-[2-(4-Methoxy-2>3,6-m^ acid; 

3-{4.[4-(^Methoxy-2,3,6-triAethyl-pte 
phenyl} -acrylic acid; " 

3-{4-[2-(13-Dimethqxy-5,5,8,8-tetramethylr 
naphthalen-2-yl)-yinyl]-phenyl } -acrylic acid; 

3-{4-[Hydroxy-(5,5,8,8-tetram^ 
methyl]-phenyl}-acrylicacid;., . 

3-{4-[(4,4-Dimethyl-tMochro^ 
,.2Tinethyl-acrylicacid; ■ • 

3-[4-( 1 ,2,3,4-Tetxahydro-l ,4"methano-naphthalene-6-carbonyl)-phenyl]- 

acrylicacid; 

3.[4-(2,4-Diisopropyl-benzoyl)-phenyl]-2-methyl-acrylicacid; 
3-[4-(5,5,8,8-Tetramethyl-5^ 
phenyl]-acrylic acid; 

' * ' ' ' . . 

2-Methyl-3-[4-(5,5,8,8-te^^ 

*•-*•• -•--* j *„• . t 

2-carbonyl)-phenyl]-acrylic acid; 

2-Methyl r 3-[4-(l,l,2,3,'3-pent^^ 

phenylj-acrylic acid; 

344-(4-Methoxy-2,5-dimethyl-benzoyl)-phenyl]-2-methyl-acrylic acid; 

{2-[3-Methyl-5^2,6,6-trimethyl-cyclohex-l-enyl)-pent 

cycloheptylidene } -acetaldehyde; 

2- Methyl-3-[3-methyl-5-(2,6,6-trimethyl-cyclohex-l-enyl)-penta- 

2,4-dienylidene]-cyclopenM-enecarbaldehyde; 

3- Methyl-4-{3-[2-(2,6 > 6-trimethyl-cyclohex-l-enyl)-vinyl]-cyclohex- 

2-enylidene }-but-2-enal; 
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. . \ (243-Methyl-5-(2,6,6-trimethyl<yclohex^ 
,v£yclohexylidene}-acetaldehyde; \ 

{3-[2-MethyM-(2,6,6-trimethyl-cyclohex-l-enyl)-buta-l,3-dienyl^ 

'cyclohex-2-enylidene,} -acetajdehyde; 

{ 4-[ 1 -Methyl-3-(2,6,6-trimethyl-cyclohex- 1 -enyl)-allylidene]-cyclohept- 
"2-enyUdene}-ace^dehyde;.and . . „ . 

{4-[ l-Methyl-3<2,6,6-trimethyl-cyclohex- l-enyl)-allyHdene]-cyclopent- 
r^-enylidenel-acetaldehyd^. , r 
Still other compound^ which are included within the general class of retinoids are 

iCT 3)nl!" _ . 
^rO - A\ . T"C6dH (br aklyl ester) 

reiinbidal oxifanes; siicli as J 




with preferred oximes having the formula: 



(CH 3 )q 



or 1 




.."0* ^ ^ 



CGOH tor akfyf bster) 



Typical retinoidal oxiranes include 
; 4-[3-(4-tert-Butyl-phenyl)-oxir^ • 

1 5 4-[3-(3-tert-Butyl-phenyl)-oxiranyl]-benzoic acid; 

_ 4-[3-(3,4-Diethyl-pheny^ 

4-[3-Methyl-3-(5,5^8-tetra-m^ 
oxiranyl]-benzoic acid. 

Related compounds are diketones, dibls, and acetonides of the formula 
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COOH (orester) 




COOH (or ester) 



- : v Certain retinoids have a carbqxyamide linkage rather than an alkylene or 
oxidized alkylene. For example, carboxamide retinoids which can be utilized 



include those of the formula 




-COOH (or alky] ester) 
where Rj is an organic radical and includes groups such as 







R 2 R 2' 






r and 




ST. 



. .Typical carboxamide retinoids which can be utilized include: 
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4-benzoylamino-benzoic acid; 

4-(3-tert-Butyl-benzoylamino)-benzoic acid; 

* /i ► A 

4-(4-tert-Butyl-benzoylamino)-benzoic acid;* 

4-(3,5-Di-tert-butyl-benzoylamino)-benzoic acid; 

4-(3,4-piisopropyl-behz6ylanuho)-benzoic acid; 
T 4-[(5,5,8,8-Tetramethyl-^ 
amino]-benzoic acid; 

4-[Methyl-5,5,8,8-tetramethyl^^ 
2-carbonyl)-amino]-benzoic acid; / 

4-[(4,4 r Dhnethyl-chro^ 

4-[(5.Chloro^,4-ime&yl-chr6mM 

4-[(23-Dihydfo-benzo[l,4]dioxine-6-carbonyl)-amino]-benzoicacid; 
j 4^(3>Dinfethyl-3,4^^^ 



^jyiltoi-benzoic^cid; 



4-[(5-Methyl-23,4,5-tetr^ydro-benzo[b]thiepine-8^^^ 



benzoic acid; 



4-[(4 1 4-Dimethyl-Wochroman-7-carbonyl)-amino]-benzoicacid 
4-[(Thiochroman-6-carbonyl>amino]-beiizoic acid; 
£[(23-Dihydro-benzoH^^^ 
4-[(4/l~Dimethyl-U-^ 
benzoic acidi — ; — r 

^ 4-[(3-MethyM^ 
acid; 

4-[(l,4^Trimethyl-l,23Atetrahydro-quinoline-7-carbonyl)-aim 
benzoic acid; 

4-[(l-Decyl-4,4-dimethyl-l,23^tetrahydro-quinoUne-7-carbonyl)- 

amino]-benzoic acid; 

4-(3-tert-Butyl-4-methoxy-benzoylamino)-benzoic acid; 

4-{3- Adamantan- 1 -yl-4-hyriroxy-benzoylamino)-t 
4-(3-Adamantan-l-yl^-methpxy-beiizoylamino)-benzoic acid; 

acid; 

4-(3-Adamantan-l-yl-4-hexyloxy-benzoylamino)-benzoicacid; 
4-(3-Adamantan- 1 -yi-4-decyloxy-benzoylkfnino)-benzoic acid; 
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4-[3n(l?fcDJniethyl-d^ acid; 
N-Phenyl-terephthalamic acid; 
? ^NrnHT61yl-terephthalamicacid; A ■ . 

N-(3-Ethyl-phenyl)-terephthalamic acid; 
' N-(3^Isopropyl-phenyl)-terephthdamicacid; 
N-(4-Isopropyl-phenyl)-terephthalamic acid; 
N-(3 : tert-Butyl-phenyl)-terephthalamic acid; 

• N-(4-tert-Butyl-phenyl)-terephthaIamic acid; " " ' * 
N-(3-Cyclohexyl-phenyl)-terephthalamic acid; 
N-Biphenyl-3-yl-terephthalamic acid;* ; \ w: , , 

j N-(3-Bromo-phenyl)-terephthalamic acid; 
N-(3-Dimethyr^ ------ 

N-(3-Trifluoromethyl-phenyl)4erephthalainic acid; 

N-(3,4-Diethyl-phenyl)-terephthalamic acid; 
, ( N-(2 T Ispprppyl-phenyl)-terephthdamic acid; 
zr N-(2,4-Diisopropyl-phenyl>terephthalaimc acid; 

N-(2 > 5-Diisopropyl-phenyl)-tereptithalamicac^ ' T 

N-(2,6-Diisopropyr-pfieriyl)-te'rephthd acid; 

N-(3,4-Diisopropyl-phenyl)-terephthalamic acid; r -W 

N-(33-Diisopropyl-plienyl)-terephthaiam 1 

N-(2;4-Di-teit-bUtyl-phenyl)-terephthalamic acid; 

N-(3,5-Di-tert-butyl-phenyl)-terephthalamic acid; 

• N-(3,4-Dichl6ro-phenyl)-terephthalamic acid; 
N-(5,6J3-Tetrahydro-naphthalen-l-yl)-terephthalamic acid; 
N-(5,6 J,8-Tetrahydro-naphthalen-2-yl)-terephthalamic acid; 
N-(5,53,8-Tetramethyl-5,6J,8-tetrah^ 

terephthalamic acid; • 

N-(5,5,8,8-Tetramethyl-5,6J,8-tetr^^ 
terephthalamic acid; 

.... : , \J ' _ j . ^ ... 

N-(3,5,5,8,8-Pentamethyl-5,6J,^^ 
terephthalamic acid; 

N-Methyl-N-(5,5,8,8-tetramethyi-5,6,7,8-tetrah^ 
terephthalamic acid; 



WO 99/48529 



c '¥ef/US98/25494 



10 



15 



20 



-31- 

N-Isbi3ropyi-N'-(5,5,8,8-teti:amethyl-5,6 ,7,8^ettahydro-naphthalen- 

2-yl)-terephthalamic acid; and < r.^dotsMva-Mi'; - 

N-(3-Bromo-5,5,8^-tetramethyl-5,6,7,8^tmhydr6-Jiaphthalen-2-yl)- 

terephthalamic acid. M ■'" '■./;''»•.•<-■.; - • •• 

Retinoids similar tb'the carbdxamides are' carboxy -esters such as 

-COOH (or'ester)' 

i io :. R^ ^K, 

• '?■» - r t-'v;^..v ; 
for example, where Ri includes;-,; ; j, ,.. y ,. c.... . 

iV ,'.\ .ir.r-": j r; ■ 




JL 

and _/^< 




COOH (or ester) 



R 2 .V 



* 2 ! V 





As noted before, any of these groups can be substituted in* the ring system by 
R2 and R2', as well as by other art-recognized substituent groups. 

Typical (arqyloxy) 4 benzoic acids and thio acids which can be utilized 

include ; _ ,._ . r > ; av , :j-r • - r 

Benzoic acid, 3 > 5-bis(l. ? .l-dime&ylethyl^hydroxy-, carboxyphenyl ester; 

Benzoic acid,-4-ethyl-3-(tricyclo[3.3. 1 . l3.7]dee-l-yl)-, 4-carboxyphenyl 
ester; ... :i ■ <u > i.< ; ... . 

Benzol acid, 4-ethenyl-3.-(tricyclo[3.3,Ll, 3 c 7]d.ec-l-yl)-, 4-carboxyphenyl 

'ester;' ■" ■ ': ■ • ' " " ' ' : .* - . 

1: Beniofcracid, 4^nic^bxy^-(tricycto[3;3:K l 3 »7]dec-l-yl)-, >. 
4-carboxyphenyl ester; " - • ■'■ ■ 

Benzoic acid, 4-methoxy-3-(tricyclo[3.3.1.1 3 » 7 ]dec-l-yl)-, 4-carboxy- 

Benzoic acid, 4-methoxy-3-(tricyclo[3.3.1:l 3 5 7 ]de'c^-l-yl)-, 4-carboxy- 



2-(hydroxymethyl)phenyl ester; 

4-(4-Adamantan- 1 -yl-3-methoxy-benzoyK)xy)-isophthalic acid; 
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Benzoic acid, 4-methoxy-3-(tricyelo[3.3.1 .1? : J]dec-l-yl)-, 4-carboxy- 

3- hydroxyphenyl tester; : ~ ' . / . . 

Benzoic acid, 2,4-dimethoxy-5-(tricyclo[3.3.1.1- 3 ' 7 ]dec-l-yl)-,, 

4- carbfoyphenyl ester; 1 ; r - - V - 
5 '* " Benzoic *acid^4-ineth6xy^ 

2- methoxypfienyl' ester; ' " ' 4 7 ' : * * 

Benzoic acid, 4-methoxy-3<tri"cyclo[3.3.i.l 3 » 7 ]dec-l-yl)-, 4-carboxy- 

" .i* * - • ' t ' /> 

3- methoxyphenyl ester, 

Benzoic acid, 2-fluoro^-methoxy-5-(tncyclb[33.1.1 3 » 7 ]dec.l-yl)-, 
10 4-carboxyphenyl ester, 

r - ; . ... Benzoic acid,4-me^ 

3-fliiorophenyl ester; . M ., , ^ { 

Benzoic.acid,. 4-(2-in-openylgxy)73-(tricyclo[3.3. 1 . 1 3 > 7 ]dec-l-yl)-, 
v 4-carboxyphpnyl ester; . . - 

15 "u. Benzoic acid, 4-(acetyloxy)-3-(tijcyclo[3iU.l 3 » 7 ];dec-l-yl)., 
v.' 4-carboxyphenyi esfter; 

•Benzoic acid, 4-(2-methoxy-2-oxoethoxy)-3-(tricyclo[3.3.1.1 3 ' 7 ]dec- 
i - v 1-yl)-, 4 f carboxyphenyl ester, f . , 
. ., 'Benzoic acid., 4 r [2-(i)henylmethoxy)-2-oxoethoxy]- 

20 f ' , . . 3-(tricyclo[3.3. 1 , 1 3 » 7 ]dec-l-yl)- : , 4-carboxyphenyl ester; 
Benzoic acid,,4-(methyls^^ 
: 4-carboxyphenyl ester; 

4 1 4-Dimethyl-chroman-6-carboxylic acid; ^ 
. . 4-ethoxycarbonyl-phenyl ester; 
25 2,2,4,4-Tetramethyl-chroman-6-carboxylic acid; 

^ethoxycarbonyl-phenyl ester; 
. : 2,2,4,4,7-Eentamethyl-chroman-6 : carbpxylic acid; 
4-ethoxycarbonyl-phenyl ester; 
4,4J-Trimethyl-thiocto^ 
4-ethoxycarbonyl-phenyl ester; 
2,2,4,4-Tetramethyl-thiochroman-6-carboxylic acid; 



30 
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4^ethoxycarbonyl-phenyl'ester; .'. - • .oLk d-o;; 
4-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydro'-iiaphltl»alene- 

2-cbboriylsulfahyl)^benzoic acid, - • .» :.j .' 

4-(3-Isopropyl-4-methoxy-benzoylsulfan.yl)-benzpi,c ac|d; 

5- 4-(3rIsopr6pylsulf^ 

4-(3-Adamantan-l-yl-benzoylsulfanyl)-bpnzoic acid; _ 
. 4-(5-^dan^tan^ : yl-2-nuorc^methoxy-ben2oyls^anyl)-benzoicacid; 

4-(5-Adamantan-l-yl-4-metiioxy-2-met^^ 
4-(3 r Adamantan-l-yl-4-dlyloxy-benzoylsulfanyl)-benzbic acid; 

10 4^3-Adamantan-i-yl^methylsuffanyl-^ acid *. 311(1 

'''Sl'r'J t V tl*' 14 "/V*"; '• 8 

4-(3,5-Bi?-trifluoromethyl-benzoylsulfan"yO-berizoic acid; 
Other Unzoic acid ^eri^vw^eti'are-fetindids and which can be 
utilized to lower Lp(a) according to this inventioninclude (aryl'methyl)amino 
benzoic acid, forexahipte; compounds of <he forMulas^ 

,COOH :.^ . f vsri , r 

■ftj' - • - and 



15 





where aryl is an aromatic radical such ai ? py'n^f/haphthyl, thienyl, or the like, 
optionally substituted with from I to s'snbstiniehts such as alkyl, alkenyl, alkynyl, 
halo, nitro, amino, moritH or dialkylamirio; hydroxy; aiid'the like, and R 3 and 
R4 are hydrogehralkyValkenyl, alkynyl, orthe like: ; — 
20 Typical aryl methylamino benzoic acid retinoids from this class include 

4-(4-tert-B'utyi-benzyiamino)-behzoic acid; u ' " l " 
4-(3,5-Di-tert-butyl-4-hyto^ 

4-(4-tert-Butox'y-3 s -membxy-berizylainino)-benzoic acid; 

4- [4-( 1 -Methoxy- 1 -methyl^thyl^ 
~S 4-[(5,5,8,8-tetrametnyi-3,bJ,8-lLUaljydi^ naphthnlpn-^-ylmPthyl)- 

amino]-benzoic acid; 

4-[(3-lWor6^ 
ylmethyl)-amino]-benzoic acidir - > ' 



WO 99/48529 PCT/US98/2S494 

-34- 

: 4-[(3-Methoxy-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen- 

': .-'i 
„ 2-ylmethyl) : amino]-benzoic acid; 

;"4-[(13-Dime^oxy-5,5,8 f 8-tetramethyl-5,6J,8-tetrahydro-naphthalen- 

2-ylmethyl)-amino]-benzoic acid; 
5 4-[(i-Butoxy-3,5,5,83-pentamethyl-5,6,7,8-tetrahydro-napbthalen- 

2-ylmethyl)-amino]-benzoic acid; 

4-[(5,53,8-Tetramethyl : 5,8-dihydrb-naphthalen-2-yimethyl)-ami^ 

benzoicacid; 

..4-[(54,8,8-Te^ethyi-7-oxo-5,6;7,8-teti-ahydro-naphthalen-2-ylme% 

10 amino]-benzoic acid; 

4-[(7-Hydroxy-5,5,8,8-tett^ 
2-ylmethyl)-amino]-benzoic acid; 

4-[l-(7-Hydroxy-5,5,8,8-tetram^ 
2-yl)-ethylamino]-benz9ic acid; 

15 4-[Methyl-(5,5,8,8-tet^ 

"" "• ■■■'■■•<!"■ -.-v.- ■(•;■•:. - • .. ..; .J,. .; ... 
aminolrbenzoic acid; • . „ 

4-[Acetyl-(5,5,83-te™^ 

* \~ zv:n- t- #i - ... : vy. : . 

amino]-benzoic acid; 

...4-[(5-tert-Butylr2-methyl-phenylaim acid; 
20 4-[(3,5-Di-tert-butyl-phenylanuno)-methyl]-berizoic acid; 

. 4-[(4-teit-Butyl-2,6-dimethyl^ acid; 
4-[(l , 1 ,233-Pentamethyl4ndan-5-ylamino)-methyl]-benzoic acid; 

. , . ~ 4-[ l-(5,5,8,8-Tctramethyl-5,6,7,8-tebahydro^aphthale 

' — » *>i _ * ...... 

ethyl]-benzoic acid; 
25 y 4-[(l^DicUpro-5,5,8,84etrame^ 
2-ylamino)-methyl]-benzoic - acid; 

4-[(M-Dimethoxy-5,5,8^ 
2-ylamino)~methyl]-benzoic acid; and 
4-{[AcetyKl,4-d^ 

.»•*■• -f 

30 ff . naphthalen-2 : yl)-anuno]-methylj -benzoic acid. 

Another preferred group of retinoids that are effective in lowering Lp(a) 



include (aryloxy)methyl benzoic acid of the formulas 
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Typical members of this class include 
4-(4Ttert-Butyl-phenoxymethyl)-benzoic acid; 
4-(3-tert-Butyi-phenoxymethyl)-benzoic acid; 

5 4-[4-(Ll-Dimethyl-propyl)-pte 

4-(2-tert-Butyl-4-methyl-phenoxymethyO-benzbic acid; 

4-(4-tert-Butyl-2-meto^^ 

4.(2,4-Di-tert-butyl-phenoxymethyl)-benz6ic acid; 

4-(2,6-Di-tert-butyl-phenox^ f " 
!0 4-(2,5-Di-tert-butyl-phenoxymethyl)-benzoic acid, 

, 4-(3,5-Di-tert-butyl-phenoxymethyiV&enz^ 

4-(2-sec-Butyl-4-tert-butyl-phenoxyiiiethyl)-benioic acid; 

. 4-(2 4-Di-tert-butyl-5-methyli?henox 
4-(2,4,6-Tri-tert-butyl-phenoxymethyl)-behz6icacid; 
i < 4.(3 5-Di-tert-butyl-2-hydroxy-phenoxyra^ acid; 

4-(5,5,8,8-Tetramethyl-3-ri^^^ 
.> ylo^ymethyl>benzoic acid; 

4-(l 4-Dihydroxy-5,5£^ 
.., L . 2-yloxymethyl)-benzoic acid; 

2-yloxymethyl)-benzoic acid; 

4-(2,2,5 ,7,8-Pentamethyl-chroman-6-yloxymethyl)-benzoic acid; - 

4-[2-(2-Hydroxy^thyl)-2^^^^^ 
benzoic acid; and 



benzoic acid. 

Similar compounds which have sulfur in the linkage instead of oxygen 

include the following: 

4-(4-tert-Butyl-phenylsulfanylmethyl)-benzoic acid; 
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4-(4-tVrt-kutyl-2-iriethyl-phenyl acid; 
4-(4-tert-Butyl-2-methyl-phenylsulfariylmethyl)-benzoic acidr 
4^(£fcri~-Bu^ acid; 
4-(4-tert-Butyl-2-methyl-phenylsulfahylmethyl)-benzoic acid; and 
4-(4-fert-ButyI-2-methyi-pte^ acid. 
Like the carboxamides and esters, some retinoids have more than one 
nitrojgen in the linking chain, for Example, there are arylazobenzoic acids such as 

,COOH 




and hydrazone-bridge benzoic acids such as s 

*2 



10 




— COOH 

.is r; 



15 



20 



25 



Typical members of this class include: 
, 4-(3,4 : Diethyl-phenylazo)-benzoic acid; 
4-(2-Isopropyl-ptienylazo)-benzoic acid; 
4-(3-Isopropyl7phenylazo)-benzoic acid; 
4-(4-Isopropylrphenylazo)-benzoicacid; 
4-(2,4-Diisopropyl-phenylazo)-benzoic acid; 
4-(2,6-Diisopropyl-phenylazo)-benzoic acid; 
. 4-(3,4-Diisopropyl-phenylazo)-benzoic acid; 

4-(3,5-Diisopropyl-phenylazo)-benzoic acid; 

4-(3-tert-Butyl-phenylazo)-benzoic acid; 

4-(3-Cyclohexyl-phenylazo)-benzoic acid; 
. 4-(Biphenyl-3-ylazo)-benzoic acid; 

4-(4,4-Dimethyl-thiqchroman-6-ylazo)-benzoic acid; 

4-[24Iydroxy-2-(5,5,M-tetramethyl^ 

2-yl)-ethylamino]-benzoic acid; 

'* '..' .3- ■ : - -rrf: . . „ . > 
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... : . ,4.-[2-Hydroxy-2-(5,5,8,8 r teu-ame^ 
2ryl)rethylsulfemyl]-berizoicacid; - /• s-d-.xa-- 

; ' ? . : ; 4-f2-HydrQxy-2 r (5,5,8,8-Jet^ 
=^2'yl)-ethoxy]-beijzpiG;acid; .. lfT iT ,.. • . n ..». t 
5 bj . 4-[N'-(5,5.,83-Tetramethyl-5,6,7,8-tetrahy(k^ 

' " hydrazino].-benzoic acid;;and - . ; ... .... .... -r • »•? 

■■■ A a . . ,.4r{N^[CyclopJOpyl-CKl,2,3,3-pe9taIne^yl-indan-5-yl)-Inethylene]- 

hydrazino} -benzoic acid. 

A particular preferred class of retinoid compounds to be utilized to lower 
10 Lp(a) according to thi^ invention' include polyenoic acids and esters such as 



^COOH (ester) 




Aryl' 

where aryl is an unsubstituted or substituted aromatic or cyclic radical such as 
phenyl, naphthyl, piperidyl. morphojinyl, or the like, and ester is preferably an 
alkyl group such as methyl, ethyl, isobutyl, or the like. Typical polyenoic retinoids 

15 include the following: 

3,7-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8-tetraenoic 

--- r ::■ .V- .:.! :o :; ;..vi z: Vai v '! 

acid methyl ester, 

3,7-Dimemyi 9-(2,6>fe 
acid2-{2-[2-(2-hydroxy-emoxy)-emoxy]-em6xyy^ 
20 3j.Dimemyl-9-(2,6,6-trimemyi<yciohex-l^ 

acid 2- { 2-[2-(2-hydroxy-ethoxy)-etWy]-ethoxy } -ethyl ester; 

3J-Dimethyl r 9-(2,6,6^trimethyl^ 
acid 2-(2-oxo-pyrrolidin- 1 -yl)-ethyl ester; 

3J-Dimethyl-W 
25 acid 2-(2-oxo-pyrrolidin- 1 -yl)-ethyl ester; 

9-(4-Methoxy-23,6-trimethyl-pheny])^ 

tetraenoic acid 2-{2-[2-(2-hydroxy^ e ster; 

9-(4-Methoxy-23^-trim^^ 
tetraenoic acid 2-piperidin-l-yl-ethyl ester; 
30 9-(4-Meth(3xy : 2,3,6-trimethyl-phenyl)-3,7-^ 
tetraenoic acid 2-morpholin-4-yl-ettiyl ester; 
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1 -9K4-Mfemxy-23;6-trimethyl-phenyl)-3 J-dimethyl-nqna-2,4,6,8- 
tetraenoicacid^^iperidin-l-yl-ethyl ester; - • • .j .. ...... 

9-(4-Methoxy-23,6-trimethyl-phenyl)-3J-dimethyl-nona-2,4,6,8^ 
tetraenoic acid 2-(2,5-dioxo-pyrrolidin- 1 -yl)-ethyl .esters , 

' 9-(4-Methoxy-2,3 ,6-trimethyl-phenyl)-3,7-dimethyl-nona-2,4,6,8- 
tetraenoic acid 2-(2,6-dioxo-cyclohexyl)-ethyl ester; 

: '9-(4-Methoxy-23*6-trime%^ 
tetraenoic acid 2-methanesulfony]-ethyl ester; /. L 

9-(4-Methoxy-23,6-trimethyl-phenyl)-3,7-dimethyl-nona-2 f 4,6,8- 
tetraenoic acid methoxycarbonylmethyl ester;]. - 1 . • 

' iu * 9-(4^Methoxy^23,6-trimethy^ 
tetraenoic acid tert-butoxycarbonylmethyl ester; 
' A 9-(4-Methoxy-23,6-trimethyl-phe^ 
tetraenoic acid pfienoxycarbonylmethyl, ester; , , . :i 

9-(4-Methoxy-23 ) 6-trimethyl r phenyl)-3jKiimethyl-nona-2 m - 
tetraenoic acid 2-acetoxy-phenoxycarbonylmethyl ester; 

9<4-Methoxy-23,^;trimethyl : phenyl)-3J-dimethyl-nona-2,4,6,8- 
tetraenoic acid styryloxycarbonylmethyl ester; 
J 9-(4-Methoxy-a > 3,6-trimethyl-phenyl)-3,7«-dimethyl-nona-2,4,6,8- 
„ tetraenoic acid 2-(4-methoxy-phenyl)-vinyloxycarbonylmethyl ester; 

9-(4-Methoxy-23,6-trimethyl-phenyl)-3,7-dimethyl-nona-2,4,6,8- 

tetraenoic acid 2-(benzoyl-carbonyl)-5-methoxy-phen6xyniethoxycarbonyl- 

< * \ .. . r. ■ . » 
methyl ester; : ■ - 

9-(4-Methoxy-23,6-trimethyl-phenyl)-3,7-dimethyl-nona-2 ) 4,6,8- 
tetraenoic acid 1-phenoxycarbonyl-ethyl ester; 

9-(4-Methoxy-2,3,6-trimethyl-phenyl)-3,7-dimethyl-nona-2,4,6,8- 
tetraenoic acid 1-ethoxycarbonyloxy-ethyl ester; 

3J-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-eny!)-nona-2,4,6,8-tetraenoic 
acid 2-butoxy-4-dimethylamino-6-methyl-tetrahydro-pyran-3-yl ester; 

3,7-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8-tetraenoic 
acid 2-butoxy-4-diniethylamino-6-methyl-tetrahydro--pyran-3-yl ester; 

3,7-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8-tetraenoic 
acid 2-butoxy-4-dimethylamino-6-methyl-tetrahydro-pyran-3-yl ester; 
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" ' "'• • 3,7:Dimethyl-9-(2,6,6^trdme^ 

acid 4-dimefoylarnmo-6-methy^ 
' ester; ' 1 ' - •' -r-^sM^^ 

9-(4-Methoxy--2,5,6-trirriethyl-cyclohex- .l-erjyi)^,7rdimethyl-nona- 
5 '2,4,6,8-tetraenoie acid 2-butoxy^-diraethylanuno-6-methylrietrahydro-pvran-3-yl 

ester; '' '"' '- Rl l - ** " - ; • 5 

^-(^Methoxy-l.S^-trimethyl-cyclQhex- 1 -enyl)-3 ,7-dimethyl-nona- 

2A6,8-tetraenoicacid2-butbxy-4-dUmethy^ 

esfer; 1 and" / ' ■ L -y-'-r - ' 

10 9-(4-Memoxy-2,5,6-trimethyl-cyclohe^^ 

2,4,63-tetraenoici acid ^-butbxy^dimethylainino-^metkylrtetrah 

ester. ' • s ' r r '"-f r -' i '" '"—^ " r» 

" " In addition ito retinoid acids ^d<esters,-theme.thpdofthis invention can be 

practiced with retinoid amides- fdf-example, any ofithe fpregoing compounds in 

15 ''"an amide f6rm, ! 'e.g., the general formula >d:- ,. - 

^ ! v; : 1 ,' fl-afc-} •• ^ c bNR 3 R^' i; -- - 

' JiSs^o- 1 r/:a ids :./..;..■, 
where R 3 and R4 independently'and hVdrbgen, aikyl, phenyl, or R 2 R2 

substituted or disubstituted phenyl, or taken 1 togemer wim'm'e rutrdgen to which 
>, „ they are attached, R3 and R4 complete a ring wbicti can have 1 or 2 heteroatoms, 
20 such as oxygen, sulfur, or nitrogen. Typical retinoids of this type include 
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Examples of specific retinoids having the above structures include the 
following: 

4-[4-(2,6,6-Trimethyi-cyclohex- l-enyl)-but-3-en- 1 -ynyl]-benzamide; 
3J-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8-tetraenoic 

acid amide; 

! [6<3-Adamantan-l-yM-methox 

4-yl-methanone; . . 

N-(3,5-Bis-trifluorom^^ 
tetrahydro-naphthalene-2-carbonyl)rbenzamide; 

NK^Hydroxy-phenyl)^-[2^5,5,8,8-tetramethyl-5,6J,8-tetrahydro^ 

naphthalen-2-yl)-vinyl]-benzamide; 

N-(3,5-Bis-trinuorom^thyl^^ 
tetrahydh)-naphthal'ene-2-carbonyl)-benzamide; 

[3,7-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8- 

tetraenoylamino]-acetic acid; 

<[3J-Pimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8- 

tetraenoylamino]-acetic acid methyl ester, - 

2-[3,7-Dimethyl-9-(2,6,6-trimethyl-cyelohex-l-enyl)-nona-2,4,6,8- 

tetraenoylamino]-4-methyl-pentanoicacid; 

2-[3J-DimeAylT9-(2,6,6-trimethyl-cyclphex-l-enyl)-nona-2,4,6,8- 

tetraenoylamino]-3-phenyl-propionicacid; i j 

: 2-[3J-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8- 

tetraenoylamino]-3-(4-hydroxy-phenyl)-propionicacid; 

2-[3 t 7-Dimethyl : 9»(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8- 

tetraenoylamino]-pentanedibic acid; 

[3,7-Dimethyl-9-(2 ) 6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8- 

tetraenoylamino]-acetic acid; 

2-[3J-Dimethyl-9<2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8- 

tetraenoylamino]-propionic acid; ~ ~~ " — — 

2-f 3,7-Dimethyl-9-(2,6,6-trimethyl-cyclohex- 1 >enyl)-nona-2,4,6,8- 

tetraenoylamino]^-methyl-pentanoic acid; 

2-[3 J-Dimetbyl-9-(2,6,6-trimethyl-cyc]ohex- 1 -enyl)-nona-2,4,6,8- 

tetraenoylamino]-3-phenyl-propionic acid; 



tetramethyio,o f /,5-ieiranyaro-ndpiiuidjcu^7V'^ u, « iu " w » 

6.(5A8,8-Tetra^ ' 

naphthalene-2-carboxylic acid; [2K2-hydroxyAoxy)^ethyl]-amide; 
6-(5,53,8-Tetramethyl-5,6J,8-tetrahydro-naphth^ 

naphthalene-2 jarboxylic acid (4-hydroxy-phenyl)-amide; . 

4- Methylsui« 

naphMene : 2-carto^^ acid; 

5- (4-Adamantan-2-ylideneiDe^ 

(2-ethyl-hexyl)-amide; 

2-[5-(4-Adai^tan-2-yIidenemelhyl-phenyl)-3-methyl-penta-2,^ 

dienoylamino]-4-methylsulfanyl-butyric acid ethyl ester; 

' 4-[2-U3-Dimettioxy-5,5,8,8^etramethyl-5,6 
2-yl)-vinyl]-N-(2-hydroxy-ethyl)-benzamide; .. 

' W-Butyl-2-(5^,8;84etramethyl-5;6J,8^etrah 

carbonyl)-benzamide; 

NK2-Hyckoxy^%l)-2K5,5,8,84etramethyl-5,6,7,8-tetrahydro- 

naphthalene-2-carbonyl)-benzamide;and 

• .{ 2-[4-(2-Hydroxy-ethyl)-piperazine- 1 -carbonyl-carbonyl]-phenyl } - 

(5,5,8,8-tetramethyl^ 

An especially preferred group of retinoids for lqwering Lp(a) are 
adamantyl substituted benzamides which can be prepared by reacting a compound 
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.' such'as3-adamantan-l-yl-4-m^^ a 4-aminobenzamide 

according to the following sequence . 

HL ..' \o . y=\ ' .: ' 
,coci W-\J-<x»<** 




1*^2 



ckcr^^ ' 4 • J ^ " ch 3 o 




where R] and R2 can be organic radicals such as Ci-Cg alkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, C3-C6 cycloalkyl, arid the like, or together with the nitrogen form 

a cyclic ring such as pyrrolidine or the like. 

Typical amino benzamide starting materials include' ' 



, . 4-Amino-N-tert-butyl-benzamide; 
4-Amino-N-phenyl-benzamide; v 
10 4-Amino-N-benzyl-benzannde; 

4-Anuno-N-(2-hydroxy-ethyl)-benzamide; 

f i * '/ • at--. " £ ::..:>* . -c^ 1 ^ ' .-tfVu- 

, (4-Amino-phenyl)-pyrioUdiri-l-yl-methanone; 

(4-Anrino-phenyl)-piperidto- 1-yl-methanone; and 

:: i V~ •' •• • ^ j "i ?, '?"*o- 3' 
(4-Amuio-phenyl)-morpholin-4-yl-methanone. 

15 Typical retinoids prepared as described above include 

t Benzamide, N-[4-[[(l,i-to 

4-methoxy-3-(tricyclo[3.3.1.1 3 ' 7 ]dec-l-yf)-; , 

- , . . Benzamide, N-[4-[(phenylam^ 

3^tricyclo[3-34:l 3 ' 7 Jdec.l-yl)-;... ^ ^ ^ 
'20 ;., .Beifcamide,^ 

3-(tricyclo[3.3.Ll 3 » 7 ]dec-l^yl>; - r -; v - ; 

Benzamide^ N-[4-[[(2^ydroxyethyl)amin 

3-(tricyclot3.3.1.1 3 » 7 ]dec-l-yl)-; : 
3-Adamantan-l-yl4-methoxy^^ 
25 phenyl]-benzamide; :; • TV; ' - ".v. 



^~^3lXdar^ — 
phenyl] -benzamide;' arid '» -0 •' ■ \ 

- * 3-Ad^^t^4-yW-methbxy-N-[4-(morphoU 
phenyl]-benzamide. ,: ■i.» T -;.-,wo .. . . . . 
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" The following specific retinoids are also useful.in the. method of this 
invention: , 

4-[3-(*tert-Butyl-phenyl)-oxiranyl]-ben2oic acid; , , , 
: ^[S-XS-teit-Butylrphenyl^oxiranyll-benzoic acid; . 
5 : 4-[3K3,4-Diethykphenyl)r3-metbyl-ox^ acid; 

} * * * 4-f3-Methyl-3K5,5,8,84etrameft^^^ 
: 6xirariyl]-benzoic acid; ; , s , \ 
* ^ : ^-Benzoylamino-benzoi^acid; . .... - , 
* 4-(3-tert-Butyl-benzoylamino)-benzoic acid;-* ? 
10 4-(4-tert-Butyl-ben2oylamino)-benzoic acid; 

4-(3,5-Di-tert-butyl-benzoylaimno)-benzoic,acid; T 
4^(3;4-Dnsopropyl-bei>zoy acid; ; 

4-[(5,5&8-Teti^ethyl-5,6J^^^^ 

amino]-benzoic acid;, -..;%■.<■■.;■- -\ , 

1 5 4-[MethyH5;5,8$ 7 tetJ^ethyl-^ 

2-carbonyl)-amino]rbenzoic.acid; x . ;r f . . t , ^ 

4-[(4,4-Dimethyl^hroman^Tcarbonyl)-amino]-^ acid; 
4-[(5-ChIorcHt,4rdimethyl-chroman-7<^ acid; 
4-[(2,3-Dihydro-benzo[l i4]dioxine-6-carbonyl) r amino]-benzoic acid; 
20 4-[(3,3-Dimethyl T 3,4-^ 

amino]-benzoic : acid; :.. ^ v . f , v . 

4-[(5-Methyl-23,4,5-tetrahydro-ben^o[b]thiepine-8-^ 
benzoic acid; \ -\. ,|. :< ; . . ^ , 

4-[(4,4-Dimethyl-thiqchroman^ acid; 
25 4-[(Thiochroman-6-carbonyl)-amino]-l?enzoic acid; 

4-[(2,3-Dihydrp-benzp[l ,4]dithiine 7 6-car^onyl)-amino]-benzoic acid; 
4-[(4,4-Dimethyl- 1 ,1 •dioxo T n>6_-tWocluoman-7^arbonyl)-amino]- 
benzoicacid; i . ■ . .. 
4-[(3-Methyl-UsUpxo^ 
30 acid; : ^ . ^ n 

4-[(M,4-Trimethyt 
benzoic acid; : > , ; ......... 



^45- 

' " ^[(l^Dec^ 
amino]-benzoic acid; : ' 
4-(3-tert-Butyl^<ne&^^ 

4-(3-Adamaht^-r-yi^ acid; 
J^-Adamant^^ acid; 
: ; ' " ^4-(3-Adamant^yl^^ 

4-(3-Adamantan-l-yl^hexyloxy-bera^ 
4-(3-Adamantan-l-yl-4-decyldX^^^ acid; 
4-[3-(l , 1 -Dimethy W^yl)4-metboxy-benzo^lajnino}Tbenzoic; 

id; ^ * "™<^ -™? ■ 

N-Phenyl-terep^ ; - u " 4* 

N-m-Tolyl-tereptithalsmaie acidf ' ^- - 

* N-(3-Ethyl^ i :? • 

N-(3-Isopropyl-phenyl)-terephthalamic acid; -n/";r:.. 

: -N.(4^lsbpropyr-pheiiyl)-te - * 

NK3-tert-Butyl-phenylHerepHth^amic acid;„ 

M NK4^iert-Butyl^ — 
*"" r< N-(3-Cyclohexyl-phenyl)46ftphthalart^ - 
'KlBiphenyl-Si-yttereph^and^ aeidr ' eutl : ^ 

~ N-(3-Brom^ t 
N-(3-Dimethylamino-phenyl)-terephthalamic.acid;o 

:i ' N-(3-Ttifluoroiriethy^^ 

N-(3,4-Diethyl-phenyl)-terephthalamic acid; J:- ^ : / 

' ?,J N-(2^I&propyi-£te^ , i ^ 

N-(2,4-Diisdpr6pyI^pHenyl)-tereiihthalainic acid; ; 

N-t2,5-Diisoprdpyl-phenyl)-terephtbalaniic acid; > 
v , ' r- N-(2,6-Diisopropyl-phenyl)-terephthalamic 

N-(3,4-Diisopropyl-pheny])-terephthalamic acid;- , - 
" "N<3;5-Dffisopro^yl-phenyl)-terephthalailiicaL:id, 

N-(2,4-Di-tert-butyl-phenyl)-terephthalamic acid; 

N^3£-Di-te^ 

N-(3 ,4-Dichloro-phenylHerephthalamic acid; 
NK5,6J,8-Tetrahydro-naphthalen-l-yl)-terephthalamicacid; 
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• N-(5,6-7f8-Tetrahydro^^ acid; 

N-(5,5,8,8-Tetramethyl-5,6,7,8-tetr^ . 
terephthalamie acid; m ^ 

N-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)- 
terephthalamic acid; 

N-(3,5,5,8,8-Pentamethyl-5,6,7,8-tetrahydro-naphthal"en-2-yl)- 
terephthalamic acid; 

N-Methyl-N : (5,5 t 8,8-tetramethyl- 
terephthalamic acid; 

N-Isopropyl-N-(5,5,^^ 
terephthalamic acid; ^ * : \\ 

**" " l N-(3-Brd^ 

terephthalamic acid; -, / 

N-(3-Amino-5,5;8,8-tetramethyl-5,6 J^-tetrahydro-naphthalen^-yl)- 
terephthalamic acid; * 3 ,, ...... 

. .\ - . N^5,5,8$£Tetrame^ . 
terephthalamic acid; 

N-(4,4-pimethyl^hroman-6-yl)-terephthalamic acid; 

N-(4,4-Dimethyl-thiochroman-6-yl)-terephthalamic acid; 

Benzoic acid, S^-bisCljl-dimefliylethyD-^hydroxy-, carboxyphenyl ester; 

Benzoic acid, 4rethyl-3-(tricyclo[3.3.1 .l 3 » 7 ]dec-l-yl>, 4-carboxyphenyl 

ester; > 

Benzoic acid, 4-ethenyl-3-(tricyclo[3.3.1.1 3 ' 7 ]dec-l-yl)-, 4-carboxyphenyl 

, ester; . 

.,:< Benzoic acid, 4-methpxy-3r(tricyclo[3.3.Ll^ 7 ]cie.c-l-yl)-, 
4-carboxyphenyl ester; 
: V Benzoic acid, 4-methoxy-3-(tricyclo[3.3.1.1 3 ' 7 ]dec-l-yl)-,4-carboxy- 

3-methylphenyl ester; 

r Benzoicacid, 4-methoxy-3-(tricyclo[3.3.Ll 3 ' 7 ]dec-l-yl)-, 4-carboxy- 
2-(hydroxymethyl)phenyl ester; ( - i._ 

4-(4-Adami^tah-l-yl-3-metfifoxy-benzoyloxy)-i§ophthalicacid; . 
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BeMotcadid^methoxy-S-CMcyclotS.S-kl^^TdecVl-yl)-, 4-carboxy- 

3- hy&oxypiifenyI6ster; ' ; .»>ctjs?'$.,\,i.C> ' 
Benzoic acid, 2 ) 4^methoxy-5-(tricyclo[3:S. ; ?ft 3 ' a ldec--l-yl)-V 

4- carboxyphenyl ester; 
Benzoic acid, 4-methoxy-3-(tricyclo[3.3 . 1 .i 3 » 7 ]ddc- 1-yl)-, 4-carboxy- : 

2- methoxyphenyl ester; 
r :v . Benzoic acid, 4-methpxy-3 : (tricyclo[^ 

3- methoxyphenyl ester; 
if] - ; Benzoic acid, 2rfluoro^meJliqx^ 

10 4-carboxyphenyl ester; . ^ ; ^ r t ^ 

- «.>.. i; Benzoic acid,- 4-niethoxy-3-^ 4-carboxy- 



3-fluorophenyl ester; 



" ; r ~ iT Benzoic acid; 4K2-propenyloxy)-3<tridycld[3,34.:l^ 7 ]dec-l-yl)-, 
4-caiboxyphenyl ester; :t : c?. .':x^n-'i Vf:. 

15 ■ ' w f| 'Benzoic^acia, 4-(acetyloxy)-3^ 

4-carboxyphenyl ester; ■ ■'- < h < ' • "J 

Benzoic acl^4-(2-iM^ • 1 3 * 7 ]dec- 

1-yl)-, 4-carboxyphenyl ester; ' 0 " 4 " " J " " L 
Benzoic acid, 4-[2-(pfienylm^ 
" 20 3-(tricyclo[33 J.l 3 » 7 ]dec-l-yl)-, 4-cart)6xyiihefiyi ester; ' 1 

Benzoic acid, 4-(methylsulfonyl)-3-(tricyclo[3.3.1 .^^jdeb-l-yl)-, 
4-carboxyphenyl ester; 

4,4-Dimethyl-chroman-6-carboxylic acid 4-ethoxycarbohyl-phenyl ester; 
2,2,4,4-Tetramethy^ 

25 ester; ;< - - • v ~ 

' c 2,2,4,4,7-Pentamethyl-chroman-6-carb6xylic acid 4-ethoxycarbonyl- 

phenyl ester; - : ; .v. 

^ - ,w 4,4,7-Trimethyl-thiQchroman-6-carboxylic acid 4-ethoxycarbonyl-phenyl 

ester; , \ ;•.*:.•.■: c • ; 

30 f * 2 ) 2,4,4-Tetramethyl-thicK:hroman-6-carboxylic acid 4-ethoxycarbonyl- 
phenyl ester; 
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2-carbonylsulfanyl)-benzoic acid; 

r -4-(3:-IsopropyM-methoxy-^^ acid; 
4-(3-IsopropylsuIfanyM-methyl-benzoylsu]fanyl)-benzoicacid; 
5 ' • : 4-(3-Adamantan-l-yl-ben2oylsulfanyl)~benzoic acid; 

:: 4-(5-AcUimantanr ( l-yl-2-fluor^ acid; 
\< . 4-(5-Adamantan-l-yl-4-methoxy-^^ 
"i ~ ^ v <~4-(3-AdamantM-l-yl-4-allyto^ 
■ • - « - : - ; 4-(3-Adamantan- 1-yM-methylsylfanyl-te^ acid; 
10 4-(3,5-Bis-trifluoromethyl-benzoylsidfanyl)-benzoic acid; 

.J. » i .in j • , 4^(4rtert-Butyl-jbenzylajrano)-benzoic acid; 

4-(3,5-Di-tert-butyl-4-hycko^ 
\ :* !. »- .- -1 4^(4-tert-Butoxy^3Tme^ 

4-[4-( 1 -Methoxy- 1 -methyl-ethyO^benzylamino^benzoic acid; 
15 • • '.. ' « : , 4-[(5,5,8,8-Tetramethyl-5,6 ,7,8>tetrahydro-naphthalen-2-ylmethyl)- 
amino]-benzoic acid;., :: iV r; . r? > t . 

4-[(3-Flupro- l 5,5,8,8-tetramethyl-5,6J,8^ 
2-ylmethyl)-amino] r benzqic;acid^. . ... ^ , 

.j>- c;4-J(3-Methoxy-5,5,8,8-te^ 
20 2-ylmethyl)famino]-benzoic acid; ^ .... .. , f 

:c4-[(i3rDimethoxy-5,5,8,8-tetramethyl-5,6,7,8^ 
2-ylmethyl)-amino] -benzoic acid; ^ , ? . - 

4^[( 1 -Butoxy-3 ,5,5 ,8 ,8rpent^ethyl-5,6,7,8-tetrahydro-naphthalen- 
2-ylmethyl)-amino] -benzoic acid; . , r 4 
25 4-[(5,5,8,8-Tetr^ethyl-^ 

benzoic acid;- , ». 

;.v 4-[(5,5,8,8-Tetramethyl-7-oxo-5,6,7,8-tetrahydro-naphA 
amino]-benzoic acid; ~ r 
: : • 4-t(7-Hydroxy-5,5,8 ? 8-tetramethyl r 5,6,7,8-tep-ahydro-naph^ 
30 - 2-ylmethyl)-amino]-benzoic acid; < 

4-[l-(7-Hydroxy-5,5,8,8-tetramet^ 
. c ethylamino]-benzoic acid;. 
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£[M&hyH5,5X8-^^ 
amino]-benzoic acid; * ; 1 ' w > Uuwto *H .. 

' 4-[Ac6tyl^^^ 
amino]-benz6ic acid; • - - - - i-r,Iv..07 f 

4-[(5-tert-Butyl-2^ 
" i; '4-[(3,5-bi-tert-fa^ 

4-[(£tert-B^^ aci * 
1 ir %[(U^^ acid; 
^ : 4-[i'K5,5,8^ 
10 ethyij : benz6ic acid; ,J ;r '"'^ :r 

4-[(l,4-Difchl5n^ 
2-ylamino)-methyl]-bfenzcdc > acid; ' ' 4 - - ' 

4-[(f#-tfime^^^ 
*2-ylamino)-me^^ . o;^/ 1 - ( -t- 

15°^ i{[Acetyl-(r,4-d^ - 
naphthalen-2-yl)-amino]-methyl}-benzoic acid;^"- - 
: " r ' z ^(^teft-Butyl-phehoxyirie^ : * 

4-(3-tert-Butyl-phenoxym^ 6 r f ^ 'V ~ 

a * ' 4.[4^i\i-£»j^ acid; 
20 4-(2-tert-Butyl-4-methyl-pherioxyhiethyl)-benzoic acid; > 

" J 4-(4-tert-B^ 

4-(2,4-Di-tert-butyl-phenox^e^ : -.V 

1 '* * 4-(2,6-Di-Wt-butyl-pta^ 

4-(2,5-Di-tert-butyl-phen6xymeth^i)-beteoiG acid; s : * 

25 4-(3,5-Di-te!rt-b^ 2 

4-(2-sec-Butyl-4-tert-butyl-phenoxymethyl)-benzoicvacid; 

" 4^(2^4-bi-tert-butyi-5-me1hyl-phen^ acid; 
4-(2,4,6-Tri-tert-butyl-phenoxymethyl)-ben2ioic acid; . s 

* ' 4-fa5-Di-tert-buty^ 
30 4-(5,533-Tetramethyl-3-nitro-5 > 6,7,8-tetr^ydro.naphthalen- , 

' 2-yloxymethyl)-benioic acid; ' *-"'.-> ^ ^ 

4-(l,4-Dihydroxy-5,5^,8-tetramethyl-5,6;7,8-tetrahydro-naphlhd 

2-yloxymethyl)-benzoic acid; 



" • • 4^(4-ten-Butyl-2-methyl-pheny lsiUtanylmemyi)-Denzoic acia; 
4-(3,4-Diethyl-phenylazo)-benzoic acid;-, ; ■ , : i; 
15 ■ ,i " ,v 4-(2-Isoprbpyl-phenylazo)-beiizoic' acid; ; ♦ ; . 

4-(3-Isopropyl-pbenylazo)-benzoicacid; A ,\ , r 
4i(4 i Isoprbpyl-phenylazo)-benzoic acid; n 
4-(2,4-Diisopropy]-phenylazo)-benzoic acid; ( . n ^ , v . 
' } '•• l 4-(2,6-Diis6propyJ-pheaylazo)-benzpic acid; 
20 4-(3;4-Diisopropyl-pheny]azo)-benzoic 

• 4h(3 j5-Diis6propyl-phenylazo)-beBzoic acid; 

4-(3-tert-Butyl-phenylazo)-benzpic;acidr - , „ v r .>\ 
"'■ '■>- ■ % ■ 4-(3-Cyclohexyl-phenylazo)-benzoic acid; • . t , 

4-(Biphenyl-3-ylazo)-benzoicacid; . . Vi , 
25 • ■ '•' > '4-(4,4-Dimethyl-thiochroman-6-ylazo)-benzoic ( acid; 

4-[2-Hydroxy4-(5AM4e^^^ 
ethylaraino]-beiizbicacid;; ' . i ' :• 

4-[2-Hydroxy-2^5;5,8,8-tettamethyl-5,6J,8-tetrahydro^^ 

' ethylsulfanyl]-benzoip acid; • 
30 442-Hydroxy-2<5,5^ 

- ethoxyj-benzoic acid; :r ■ " • •*/ " :•■;..•-.;< \ 
4-[NH5,5,8,8-:)ta 
hydrazinoj-benzoic acid; 
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4- {N'-[Cyclopropyl-( 1# ,2,3 ,3-peritameth5*riH4an:5-yl)-methylene]- 
hydrazino} -benzoic acid; : • josnsd^i'i^nr . 

* " ; 5 $;7-Dimetftyr-9"-(2»6^ 
" 'acid 2- { 2-[2-(2-hydroxy-ethoxy)-ethbxy]-ethoxy 1-etnyl ,estei;; 
5 3 ) 7-Dimethyl-9-(2,6,6^trimethyl-cyclohex-l-enyl):nona-2,4,6,8-tetraenoic 

"'•'•'<■ ' 'acid2-{2-[2-(2-hydroxy-etiioxy)rethoxy]rethQxy}-ethyl ester, 

3,7-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-npna-2,4,6,8-tetraenoic 

acid2-(2-oxo-pyrrolidin-l-yl)'«thyl ester; n. ..■<?.-; 

- 3j:Dimethyl-9^2i6,6-trimethyl-cyclbhex-henylX-'nona-2,4,6,8-tetraenoic 

10 acid 2-(2-ox6-pyrrolidin-i-yl)-ethyl ester;. : -j<i , . < 
9-(4-Methoxy-2,3,6-trimethyl^pheny 
tetraenoic acid 2-{2-[2-(2-hydroxy-ethoxyHthoxy]-ethoxy} -ethyl ester; 

9-(4^Methoxy-2,3i,6-trimethy^phenyl>3J-dim 
tetraenoic acid 2-piperidnv- 1 -ylrethyL esters ;- v j$ • , . - . 
1 5 9-(4-Methoxy-2;3V6-trimethyl-ph^^ , 

etraenoic acid 2-morpholin-4-yl--ethyl ester; -l/q \ '■■ 

9-(4-Methoxy-2,3,6*ttiniethyl-phenyty^^ 
tetraenoic acid 2-piperidin-l-yl^thyhester;v v>. /( , ? i;:; . H < 
9-(4-Methoxy-2,3;6-trime^ylrphenyl)-3,7-diin^ 
20 tetraenoic acid 2^2,5-ffioxo-pynAlidih;l-yl)-e*byKester,,. 

9-(4-Methoxy-2i3,6-triraethyl^pheny%3v7rdiniethyl-nona-2,4,6,8- 

tetraenoic acid2-(2,6-dioxo ; -cyclohexyl)-ethyLester; J ;.> ... 

9-(4-Meth6xy-2,3,6-ttimethyl-phenyl)-3,7-dimethyl-nona-2,4,6,8- 

tetraenoic acid 2-methanesulfonyl-ethyl ester; o .-. 

25 9-(4-Methoxy-2,3,6-trimethyl-pbenyl)--3,7-dimethyl-nona-2,4,6,8- _ 

tetraenoic acid methoxycarbonylmethyl ester, . :• 

9-(4-Metboxy-2,3,6-trimethyl-phenyl)-3i7-dimethyl-nona-2,4,6,8- 

''tetraenoic acid tert-butoxycarbonylmethyl. ester; ..." 

9-(4-Methoxy-2,3,6-trimethyl-phen.ylJ-i ;7r4iiuUit)'l"i'0,ii'i 2A6.8 



30 tetraenoic acid phehoxycarbonylmethyl ester; . , >.. 

9-(4-Methoxy-2,3,6-trimethyl-phenyl).r3,7-dimethyl-nona-2,4,6,8- 

' • ■ tetraenoic acid 2-a'cefoxy-phenoxycarbonylmethyl esters 
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' 9 : (4-M6t^xy-2,3 > 6-trimethyl-phenyl)-3 ,7-dimethyl-nona-2,4 ) 6,8- 
tetraenoic acid styryloxycarbonylmethyl ester; 

: -9-(4-Methoxy-23,6-^ 
tetraenoic acid 2-(4-methoxy-phenyl)-vinyloxycarbonylmethyl ester; 
5 " 9-(4-Methoxy-23;6-trimethyl-pheny . 

tetraenoic acid 2-(benzoyl-carbonyl>5-methoxy-phenoxymethoxycarbonyl- 

' methyl ester; " .;--."».:.•• i r - . ? " < 

9-(4-Metboxy-23,6-trimethyl-ph^^ 
r / tetraenoic acid 1-pbenoxycarbonyl-ethyl, ester;. 
10 9-(4-Methoxy-2 1 3 f 6-trimethyl-phenyl>3,7^methyl^ 
tetraenoic acid 1-ethoxycarbonyloxy-ethyl, ester; • 
3J-Dimethyl-9-(2,6,6-trime^ 
' ' acid : 2-but"oxy-4-dimethylamino-^ ester; 

3 ,7-Dimethyl-9-(2,6,6-trimethyl-cyclohex- 1 -enyl)-nona-2,4,6,8-tetraenoic 
15 " acid"2-biitdxy-4-dime^ ester, . , 

3J-Dime%l-9-(2,6,6-trim^ 
* - -acia 2-butoxy-4-dimethylamino-6-^^ ester; 
3J-DimetHyl-9-K2;6,6-trta^ 
r acid 4-dimethylaimrio-6-methyl-2-(2-pctylrhex 
20 ester; . c : . h \ . v . 

* * 9-(4-Methoxy-2,5,6-t^ 
2,4,6,8-tetraenoic acid 2-butoxy-4-dimethylamino-6^ 

• ' 1 ester; l - . *i * \ x> . 

9-(4-Methoxy-2,5,6-trimethyUyclohex-l-enyl) : 3J-diineth 
25 ' 2,4,6,8-tetraenoic acid 2-butoxy-4-dimethylamino-6-methyl-tetrahydro-pyran-3-yl 

ester; >■ *-l »• . \ *„. 

' 9K4-Methoxy-2,5,6Ttrimethyl-cyclohex-I-enyl)-3,7-dimethyl-nona- 

2,4,6,8-tetraenoic acid 2-butoxy-4-dimethylairi^ 
ester; - * 1 

30 4-[4-(2,6,6-Trimethyl-cyclohejc4^ 
- ■ 3J-Dimethyl-9.-(2^^ 

acidamide; ■•'.i: 1 - : ^ • ? 
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: ■[6-(3'-Afldman^ 

4-yl-methanone; - ; o,n*u bi:< *;: 

f N-(3>Bis-trifluor^ 
tetrahydro-frap^^ V L uu* ::!< 

N-(4-Hydroxy-phenytf^ 

' naphth&etf-Z^ v ^ • - ... - 

N-(3,5-Bis-trifluoromethyli>h^ 
tetrahy&ci-naphffi^ ■ v 1 

[3/7-Dimethyl-9-(2,6,^trim^ 
taraehoylB^ j \ -co. . — ! ; 

[3 J-Dimethyl-^(2;6;e-trimethyL-cyclohex-l ^nyl)-npnar2,4,6,8- 

tetraenoyhmirio]-acetic^aeid; v • * . * ~ 3 - »; it .„'.'-" 

0 2- [3 i7^Dimethyl-9<2,6,6vtrimethyl-cyclobex-l 7eijyl)-npnar2,4,6,8- 

tetraehoyi2u^o]^meffi^ a.. ^- * 

:: 2-[3';7*Diniethyl-9<^ -enyl)^nona-2,4 f 6,8- . 

' tetraeno^arninot-3-pheftyl^propionic -acid? "■•■i/rfj *a* r " i 
" 2-T3,7-Diriifct^ 
tkrafenoyla^o]-3 : (44ydro^ 

tetraenoylamino]-pentanedioic acid; 
- 1 J [3 J-Dfcnethyl-9^2,6,6-tn^^ 

2-[3J-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8- 
te toerioylamino]-prttpibnic acid; ; * '..£ .'vi'e"' ' - J 

2-[3v7-Dimethylr9-(2&6-rt^ 
tetraenoylamino]-4-methyl-pentanoic acid; 

•' r 2-[3i7-Dimetbyi-9K2,6 > 6-trimethylrcyclohex4^nyl)-n^^ 
tetraendylamiho]-3-phenyl-i»opionic acid; 

4-^ t 7-Uimethyl>9H3 > 3,6 > 6-LLUaiiiLlli t yl cyolohex 1 eny1)-nona-? 4,6-rrien- 
8-ynoylamiho]-ben2oiC acid; - - 1 >L 

1 * - l - 2^[3 J-Dimethyl-9-(2,6,6-^^ 
tetraenoyl]-benzo[d]isothiazol-3-one; . v 
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4-[2-(8,8-Dim«thyl-5,6J3.itetrahydi;o-naphthalen-2-yl^ 

tetrazol-5-yl)ibenzamide; • - ... . • , ,. 

[3J-Dimethyl-9-(2,6,6-trimethyl-cyclohex-l-enyl)-nona-2,4,6,8- 

tetraenoylamino]jacetic acid;, 
5 4-Methyl-7-(5,5,8,8-tetramethyl-5^^ 

.. , 2,4,6-trienoic acid ethylamide; 

{4-[4-(2<Hydroxy-ethyl)-piperazine-l-carbonyl]-ptienyl } -(5,5,8,8- 

tetramethyl-5,6,7,8 : tetrahydr^^ 
6-(5,5,8,8-Tet^ 

0 naphthalene-2-carboxylic acid [2-(2-hydroxy-ethoxy)-ethyl]-amide; - : 
; ^(5,X8,fc-Tetr^^ 
naphthalene-2-carboxylic acid (4-hydroxy-phenyl)-amide; - 

' ^ 4^Methylsu^ 
naphthalene-2-carbonyl)-naphthalene-2-carbonyl]-aminc) } -butyric acid; 

15 *5-(4-AdaihariW^ 

(2-ethyl-hexyl)-amide; .-.*•.... : 

2.[5-(4^Adaman^ 
dienoylamirio]-4-nie^ acid ethyl ester; 

20 2-yl)-vinyl^^ 

^' 1 N~-fiut^l-2 (5,5^ 

2-carbonyl)-benzamide; **-' v ! 

" N:(2.Hydroxy-ethyl)-2-(5,5,8,8-tetrameth 
naphthalene-2-carbonyl)-benzamide; 
25 ' {244-(2-Hydroxy-ethyl)^ 

(5,5,8,8-tetraraethyl-5,6^ 

3- Adamantan-i-yl-4-methoxy-behzoyl chloride; 

4- Amino-N-tert-butyl-ben2amide; v • 
4-Amino-N : phenyl-benzamide; •* - 1 

30 4-Amino-N-benzyl-benzamide; - ■ • ' y ■ - 4 

"4-Amino-S-(2-hydroxy-ethyI)-benzainide^ - 
(4-Amino-phenyl)-pyrrolidin-l-yl-methanone; v — >i 
(4-Amino-phenyl)-piperidin- 1 -yl-methanone; 
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(4lAimno^p^enyi)-morpholin-4-yl-methanone;- 

Benzamide, N-[4-[[(l , 1 -dimethylethyOaininD^bdnyllphenyl]- 

''4-nieflioxy-3-(tricycibb^i:ia 3 ' 7 Tdec-tW; V ,ni ' ]J ■ 

Benzamide, N-[4-[(phenylamino)caibonyl]phenylJ-4-methoxy- 

5 3-(tricyclo[3.3.l'.l 3 » 7 ]dec-l-yl)-; 

Benzamide, N-[4-[[(phenylmemyi)amino]carb6nyl]phenyl]-4-methoxy- 

3-(tricyclo[3.3.1.1 3 ' 7 Jdec-l-yl)-; " 

Benzamide, N-[44[(2-hydroxyemyi)amino]carbonyl]phenyi]-4-methoxy- 

3-(tricyclo[3-.3.1.1 3 ; ? 7 ]dec.l-yl)-;. . •- , . (jjf rc . 

phenyl]-benzamide; , , •• . ... - , u : „ -.„- . Ul - lf „ 

< 3wAdmantanTl-yl-4-memoxy-N-[4-(p.iperidin 

. xphenyl]-benzamide;;< - . .r.. T . ... . „„ 
. .:. 3-Adamantan-l-yl^melto^ 

15 phenyli-benzamide; ..,;, ni . y «, t 

• l;l,3 ) 3-Tetramemyl 7 5-U-mAtbyl-2 : phenj^ 
6-( 1 -Methyl-2-phenylrvmyl)-l,^ 
. : 6-(l-Methyl^-phenyl-vmyl)- 1,2,3^ 
U-Dimethyl-6-(l-metoyl-2-pheny^ 
20 • - '. l,l,4,4-Tetramemyl-6T(lrmethyl-2-phenyl-vin 

naphthalene; ._ ■. . . t ._. 

■ v.: m,4,4;,&Pentamemylf-(l^^^ 

naphthalene; . ;., , - ... ..... , ( 

. UA4-Tetnunetoyl-^^ . 

25 tetrahydro-naphthalene;^ . . .. . ,. . . ... _ . . - • v 

6-Memoxy-l,l,4,4-tetramethyl-7 r (l-methyl-2-phenyl-vinyl)-l,2,3,4- 

tetrahydro-naphthalene; ... , ( . f . ; . 

— . g ^hW" 1 i/i/i-tAtr gm ^hyl-7.n.methvl-2 -phenvl-vinyl)-l,2,3,4- 



tetrahydro-naphthalene; ... . . ... ,,, 

30 (Z)- 1 , 1 ,4,4-Tetramethyl-6-( 1 -methyl-2-phenyl-yinyl)-l ,2,3,4-tetrahydro- 

naphthalene; ... . , : ._ .., - . , ,. . 
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" : ij,4,4-Tetramethyl-6-(l-methyl-2-phenyl-yinyl)-l,?3 
naphthalen-2-ol?hi/^. - ' - * u , 

naphthalen-2-ol; 

:l,4,4-Trimethyl-7-(l-methyl:2-phenyl-vin^ 

1 ,4,4-Trimethyl-6-( 1 -methyl-2-phenyl-vinyl)- 1 ,2,3,4-tetrahydro-quinoline; 

" "\- y 4,4-Dimethyl-7-(l-methyl-2-phenyl-vinyO ^ 

4,4-Dimethyl-6-(l-methyl-2-phenyl-vinyl)-chroman; . .. m , 

10 4,4-Dime%l-7-(l-me^ • 

4 ,4-Dimethyl-6-( 1 -methyl-2-phenyl-vinyl)-thiochroman; 
^ • < ~- 4,44)imethyl-7-( I -methyl-2-phenyl-vinyl)-thiochroinan 1 , 1 -dioxide; 

4,4-Dimethyl-6-( l-methyl-2-phenyl-yinylhthiochrommi 1 ,1 -dioxide; 
> \.2,2-Dime^ 
15 7J-Dimethyl-2-(l-methyl-2-phenyl^ 

* ' berizocycloheptene;' :v - . . . 

,; ; l f 133-T£tramethyl-indan-5-carboxylic acid phenylamide; 

5,5,8,8-Teti^ethyl-5,6J,8-tetrahy^ acid 

• K ' 'phenylamide;. - ir ! -'--vr. .; 

20 5,5,7,7,9,9-Hexamethyl-6 T 7,8,9-tetrahydro-5H-benzocyclpheptene- 

* 2-carboxylic acid phenylamide; ■ • ' ■ . : . v. 7 .;. \ , , . - 

N-(l,133-Tetramethyl-indan-5-yl)-benzamide; ^ . 
« 0< N-(5,5,8,8:-Tetramethyl-5,6 J,8-tetrahydro-naphthalen-2-yl)-benzamide; 

3- Adamantan-l-yM-methoxy-benzoic acid phenyl ester; 

•25 - " r • - 4 3-Adamantan-l-yl-4-methoxyrtWobenzoic acid S-phenyl ester; 

4- [2-(5,5,8,8-Tetramethyl-5,6 r 7,8-tetr^ydro-naphthalen 

" phenol;- o . ;.; ; . : 

Acetic acid 4-[2-(5,5,8,8-tetramethyl-5,6 J3-tetr^ydfp-n^phthalen-2-yl)- 

' propenyl]-phenyl ester; -\, 

30 l-(2-{4-[2-(5,53,8-Tetramethy^ 

' propenyl]rphenoxy}-ethyl)-piperidine;. : ~ \r . 
4-(2-{4-[2-(5,5,8,8-Tetr^^ 
propenyl]-phenoxy}-ethyl)-morpholine; 
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- ..: 4i(2_{4.[2-(5,5,8,8-Tetramethyl-5,6/^ 

propenyl]-phenoxy}-ethyl)-thiomorpholine 1,1-dioxid^io-" - .:,.!• 
i - <- '^^(S^Ghlbro-S.S.M^ 

propenyl]-phenol; "■ y.<". 

5 ' : 4-[2*(6-kethoxy-I^ 

:-' .i ^-(^Hydro^pheaylH^n^ 
' 2*ner ;I ~ ' r ^- t:t,-i>- -.v, ; 

5,5,8;8~-Tetramethyl-5&^^^ 
(4-hydroxy'-pKenyl)-amide; ; - i ••" • r i>-5 •.';.!:•:.; „~t 
10 7j-l3irrie%^6^ 

(4-hydroxy-pheny^)-amide; ""' ' V- s .;-jvi,-,;T-'-. 
* ... < i 'SiEthyl^^iWethy^^ 
: '• H ' :i> '2-caib6*ylib aad'(4*ydioxy-pteM»yl)-amadeV : i :'-•;.'.?■■■■•;<" 
- - ; ^Hydroxy-N*^ 
15" ^ benzainidfei " . ^ '■ " *-*r •-«*-. -C- -jftSoc.'V.:- 

3-Adamantan-l-yl-4-methoxy-benzoic acid ^hydroxy-phenyl ester; 
3^Adamantan-I^l-4^metiioxy-tWdbenzoic acid S$(4-hydroxy-phenyl) 

r ; • '•' v esteh ~ ■ r,:j • ~-i'Ui r J. 

5-[2-Methyl-4-(2,6,6-trimethyl-cyclohex-l-enyl)-buta-J,3-dienyl]-lH- 

20 " ' tetrazdle;- '■ '*'•<• .«.-.t.' " „.L- ?.*•?. ." r 

5-{4-[2-(5,5,8,8-Tetramethyl-5,6j<8-tetrahydro-naphthalen=2-yl> 

propenyl]-phenyl}-lH-tetrazble; '•••'»' • I,-'' 
1 - - - 5^4^5,5^3^etrame%l-5,6;7Metr^ 

phenyl]-lH-tetrazole; • " . - - ..r.-i.r.i> : 

25 -' s ^' Methyl-{4-[2-(5,53,8-tetramethy^ 

propbnyl]-phenyl }-phosphini"c bad ethylester; " 

Phenyl-{4-[2-(5,5^,8-tetramethyl-5,6J,8-tetrahydrq 
pfopei4yl]-p henyr}-phospbinieacid"ethyrester;' ...... ' ; 

{4-[2-(5,5,8,8-Tetramethyl-5,6,7,8-teiranyarori 

30' phenyl } : phosphonie^ - >\ 

{4-[2-(5,5,83-Tetrardethyl-5y6J-3-tetrahydrornaphthalen-2-yl)-prop 

'"' ' "phenyl }-phbsphohic acid diethyl ester;-' - 
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• {4-[2-(5;5;8£-Tefr^ 
phenyl } -phosph'OHicracid dibutyl ester; 

•{4-[2-tl7i;2!3,'3rPe^ 
acid diethyl ester; - 
5 L " ^(2-Biphtenyl^yl-l.methyl-vinyl)-l,l,4^ 
naphthalene; : - . - -\r 

- M2-(2-Fluoro-phenylH-me^ 
tetrahydro-naphthalene; . - t ~ . . 
Vf ••'<6^2-(2-Huqro-p^ 
10 tetrahydro-naphthalene; 

, . /6-[2-(4^Chlbro--phenyl) T l-methyl-vinyl]-.l, 1 ,4,4-tetramethyl- 1 ,2,3,4- 
tetrahydro-riaphthalene; "' 

6- [2-(2-Bromo-phenyl)- 1 -methyl-vinyl]- 1 , 1 ,4,4-tetramethyl- 1 ,2,3,4- 
- tetrahydro-rnaphthalene; ' ; ; .. r . r , t 

15 '■' •*. fr[2-(3-Brqmo-phenyl>^Mne^ 

tetrahydro-naphthalene; ... 

6-[2-(4-Iodo-phenyl)-l-methyl T yinyl]- 1 , 1 ,4,4-tetramethyl- 1 ,2,3,4- 
tetrahydro-naphthalene; 

1 , 1 ,4,4-Tetramethyl-6-[ 1 -methyi2-(4-nitro-phenyl)-vinyl]-l ,2,3,4- 
20- "'tetrahydrcr-naphthalene; - 

1,1 ,3,3-TetramethyMndan-5-carboxylic^acid (4 T fluoro-phenyl)-amide; 

5,5,8,8-Tetramethyl-5,6J,8-tetrahydr<>naphthalene-2-carboxylicacid 
(4-fluoro-phenyl)-amide; 

9,9-Dimethyl-6,7,8,9-tetrahydro-5H-ben20cycloheptene.2-carboxylicacid 
25 (4-fluoro-phenyl)-amide; ■ w » , r 

• :.f; ... \ : 7J-Dimethylr6J,8,9^ 
(4-fluoro-plienyl)-amide; 
' „ < t ;4-Flp°ro-^ 

4-HuoroN-(5,5,8,8-tetramethyl-5,6 ,7,8-tetrahydro-naphthalen-2-yl)- 
30 benzamide; " " ' -• ' ..'v •<• . 

N>l_,N>l_-Dimethyl-N>2,.-{4-[2r(5,-5,8,8-te,tramethyl-5,6,7,8- 
tetrahydro-naphthalen-2-yl)-propenyl]-phenyl}-ethane-l,2-diamine; 
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■ : ' *^ 

tetrahydro-naphtha^ 1 : 

tetramethyM,2,3,4-tetrahydro-naphthalene; and ;*r-, ,< ^ 1 

4 U;4;4^Teir^^ 
phenyl]-vinyl)-l,2,3,4-tetrahydronaphthalene. ;.. 

' r The glifazones are a family of antidiabetic agents-characterized as being 
thiazolidinediones or related analogs. They are described in Current^ 
^ Phahnaceuticdl Design: 1996;2:85-101. Typical gUtazOne^have the formula 



1 1 E-(^o^^f^ H 




'' ' '■ ■' e • '' • ' 1 / r li •' cc::.- ,6"- .> .. 

where n is 1, 2, or 3, Y and Z independently are<&or NH; andE is a cyclic or 
'tricyclic aromatic or non-arbrnatic ring; . optionally containing a heteroatom 
selected from oxygen ornitrogen. wikn -'ci .- -.v ,• i, 

v '"T"Tfjfoticd gfitazbrcsliavc'the f<mnflla'--r--oi'«- • ->- '. ' 



5 




(CH 2 )-0.-^ : .yjh-.GH 2 — 




wherein:.,^ 4 j\ 

Rl and R 2 independently are hydrogen or C1-C5 alkyl; : (Vj ; 
R3 is hydrogen, a CpCe alipliaticicyl groiip, an alicyclic acyl group, an aromatic 
acyl group, a heterocyclic acyl group, an araliphatic acyl group, a 
i carbonyl group, or an aralkyloxycarbo nyl group; 

R4 and R5 independently are hydrogen, C1-C5 alkyl, C1-C5 alkoxy, or R« and 

" 7 - R 5 together are C1-C4 alkylenedioxy; 



WO 99/48529 



•PCT/US98/25494 



-60- 



W is -CH2 : V>C0;'dr CHOR 6 ', where R6 is any one-of the atoms or groups 

defined for R 3 and may be the same as or different from R^- ' ■ 
n, Y, and Z are as defined above, and pharmaceuticaliy acceptable salts thereof. 
, An especially preferred glitazone is troglitazone having the formula 




CH 2 -0-^ ^—^—^4 



nh 



- rr'-rr - 



/' 5 > 



Other glitazones that caii be^employed in this invention are described in 
nited Stated Patent Numbers'5,457,109 and 5,478,852, which are incorporated 
herein by reference! Other specific glitazones which are preferred include 
ciglitazorie, pioglitazone;' eriglitazone, TA 174, which has the formula 



10 

t 1,., 




anil BRL 49653 (fosiglitazone^which has the formula v.*\. .» 



'-15 



20 



^N-CH 2 CH 2 ^y> 

>v v.v. AdditionalIypreferredglitazonesinclu.de: .... 

* - 5-(4-[2-[l-(4-2'-Pyridylphenyl)ethylid^neaminooxy]e 
thiazolidiner2,4-dione; - . # > , , , . 

• 5-(4-[5-Methoxy-3-methylimidazo[5,^b]pyridin-2-y] 7 
methoxy)benzyl]thiazolidine-2,4-dione, or its hydrochloride; . 

5-[4-(6^Methoxy-l -methyl^ . 
thiazolidiiie-2,4^dione; ...... . . 

: 5-[4-( l>Methylbenzimidazp^2-ylmethox 
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r • ~, : 5-[4r(5:Hyjdroxy-l,4,6J-tetramethylben2i 
thiazolidine-2,4~dione. 

The combinations of this invention will be used to inhibit cell 
proliferation, find thus to treat diseases which result from cell proliferation, 
including cancer, restenosis, and atherosclerosis. Cancers to be treated according 
to this invention include breast cancer, Jeukemias, ovarian, colon, pancreatic, 



t melanoma, and lymphnpmas 



For use in the method of this invention, 'the retinoids preferably are 
;\ combined with one or more pharmaceutical^ acceptable dilufents, carriers, 
10 excipients, or the like, for convenient oral, parenteral, and topical administration 
u< ;>:».} /:^to animals, preferably humans. The«tmoids £p f j4pally.si^ed to formulation for 
r; * ■ oral administration in the { form of tablets, capsules, ^ispersible : powders, granules, 
- l suspensions? elixirs tf buccal,sea^s, and the like. The fqimfilations tjpicaUy win 
scontain froniabout r l%(:to about 90% by .wjei^tit of active retinoid, and more 
15 commoply from about 5% to about 60% v by weight. 

6ral formulations can contain,' for suspensions, from about 0.05% to about 
5% by weight of a suspending agent, such as tafc or the like, and syrups will 
contain from about 10% to about 50% by weight of a sugar such as dextrose. 
Tablets may contain normal amounts of bipdeps, ^tabilizep, Md^ommon diluents 
20 such as corn starch and sugars. Parenteral formulations, for instance, solutions for 
IV .injection, will be made by dissolving or isuspending the retinoid in a solvent 
;isiich as isotonic saline or 5% glucose' in sterile j water.; 

' r The dose of retinoid to be administered is that amount which is effective, 
in combination with a glitazone, for reducing or inhibiting cell proliferation. 
25 The effective dosage i bf active ingredient employed may vary depending 

! on rfie particular compound emptoyefd,' the mode of administration, and the 
severity of the condition being treated. However, in general, satisfactory results 
are obtained When ttie retinoid^ are administered,at a daily dosage of from about 



0.5 to about' 500 mg/kg of animal body weight,*preter& bly gjvtu in divided dosoo 
30 " t\^o to'fourtimes~a day,'' or in sustained-release form. Fprtoost large mammals, 

such as humans, the total daily dosage is form about 1 to : 100 mg, preferably from 
' about 2 to 80 mg. Dbsage forins suitable for interned use comprise from about 
0.5 to 500 mg of the active compound in intimate admixture with a solid or liquid 
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: : phamaceiitieairy acceptable carrier/Fhis dqsage regimen may be adjusted to 
provide the optimal therapeutic response. For example, several-divided doses 
may be iditiiriTstetedidaily or the dose, may be proportionally reduced as indicated 
" by the Exigencies of theitherapeutic situation. , , v . .. . . 
5' The glitazones:will likewise be formulated in, their normal clinical dosage 

'* " forms which are employed in treating non-insulin dependent diabetes mellitus, 
r • and impaired glucose tolerance. For example, trpglitazone is routinely used at 
; dosfes of about 200 to about 800 mg:per day orally. Rpsiglitazone will be used at 
about 2 to about 20 mg per day; typically about 5 to 8,mg. Pioglitazone generally 
10 ' will be administered orally at doses from about 5 to abput 100 mg per day, more 
typically' at about 10 to about SOjmg per day. : ] ,-. r , ; , i V 



xr . Both the retooids. and the g^ 
" ' e r by intravenous, intramuscular,, or subcutaneous routes. Solid carriers include 
starch, lactose, dicalciura, phosphate, microcrystalline cellulose, sucrose, and 
15 kaolin; while-liquid carriers include sterile water, polyethylene glycols, nonionic 
v ■ surfactants, and edible oils such as.corn, peanut, and sesame oils, as are 

appropriate to the nature of the. active ingredient and the particular form of 
0 * administration desired. Adjuvants: customarily.employed in the preparation of 
pharmaceutical compositions may be advantageously included, .such as flavoring 
20 ■ • ' agents, coloring agents,.preserving agents, and antioxidants, for example,,, 
vitamin E, ascorbic acid, BHT, and BHA. . 

The preferred pharmaceutical compositions from the stand point of ease of 

• ■ ~-- ( ' M d 

preparation and administration are solid compositions, particularly tablets and 
■ . ,c; hard-filled or liquid-filled capsules,. Oral administration of the compounds is 
25 1 ' preferred; The retinoids and.glitazones can be administered separately, for 

~ example as separate tablets, or they can be formulated together in a fixed dosage 

combination. 

These active compounds may also be administered parenterally or 
intraperitoheally. Solutions ior suspensions of these active compounds as a free 
30^ base or pharmacologically acceptable salt can be prepared in water suitably mixed 
. with a surfactant such as hydroxypropylcellulose. Dispersions can also be 
prepared in glycerol, liquid polyethylene glycols, and mixtures thereof in oils. 
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* ' v Under ordinary conditions of storage and use,ithes& preparations contain a 
0 preservative' to prevent the growth of microorganism&ao ^rf- 
•o.i ;-:v;t ^The pharrnaceutical forms suitable for iigM^&88& include sterile 

aqueous solutions or dispersions and sterile powders^ or 
5 C ' : preparation of sterile injectable' solutions br dispersions. In all cases, the form 
* ' ' : ;,t niust besterile and must be fluidto the extent that easy syringability exists. It 
c -.v., j ; gj^ st be s^je-under the 1 conditions of manufacture and storage and must be 
>: preserved against the contaminating action of microorganisms such as bacterial 
• ' : ' aSd^fiihgi. The carrier can be a solvent or dis^rsion medium containing, for 
' 10 ; ' Example, wafcfr, ethanfcl; pOlyol (e;g., glycerol, propylene glycpl^and liquid 
polyethylene glycol), suitable mixtures thereof;. an(i yegetablgpi]s. 
x ^ 1 The compounds may also be encapsulated in ; Uposomes to allow an 
' ; w ' intravenous atihiihistration of the drug.:The.Uposomes<sp^ use in the 
"'' '* 7 invention are lipid vesicles and may include plurUmeJlar lipid vesicles, small 
f5 )V ' "■ Sonicated multimellar vesicles, reverse phase eVaporatiojivvesicles, large { 

:i ''tnultilamellular vesidles, and the like, wherein thd lipid vesicles-. are formed by one 
J \ or bore phospholipid 
;j r ' ' ; sphingomyelin, phbspholactic acid, and^e like; In addiAony the liposomes 
nray alSb comprise a sterol Component such as.cfaoto^B^^-vrc'r 
20 ' ' ; ' Sorile typical^f ormulations whichcanfce administered to, humans are as 
follows: .l trr . ■ .TV" i v : :;:;ii.>;r/ 

. °* : c H : ii . ■ i\ ; :*.; ... ar-.*. -tar. ,.q -f.'T 

-, t . Tablet Formulation 

" ' " ? 4-[2-(3,4-di-n-bUt>dphenyl)-^openyl]-ben2oic acid (250 mg) is blended to 
uniformity with 100 mg of cforn starch and 50 mg 6f lactose: The mixture is 
25 " compressed into a tablet. Such tablets are administered -orally atthe rate of one to 
three times a day. . r . : 

i v ? f . H " " Z ; " ■ Hxed Cb WbluaLiuu Tablet 

r - - i ur jv r. i • ■* , • • ,- .p • • ■ 

Troglitazone (400 mg) and 9-cis-retihoic acid (50 mg) are blended with 

.N-yinylpyrrolidone polymer and extruded at 180 6 C through a twin-screw extender 
30 to provide an extrudate which is compressed into a tablet. 
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n:. , ( r -» Fixed Combination Tablet 




, Rosi^itazpne (8 mg) and 1 3-cis-retinol (80 mg) are blended with 200 mg 


of corn starch gjid pressed into a tablet. 




" * Preparation of Oral Suspension - 


it' 


Ingredient r • - : 


-< : Amount 


*t,*t-uiiiicmyj- / -\ i -memyi-z-pnenyivinyi jcnroman 


500 mg 


• ' h ■ -..t /.:; , ■ 
... Pioglitazone 


35 mg 


Sorbitol solution (70%^ NF) J • ; . 


? 40 mL 


Sodium benzoate 

M ! - * c " . . ; v * . 


150 mg 


Saccharin* ,: r 5 ^ f ^ , * 


10 mg 






- - . . Redeye. , ..« , . V1< _ ^ . 


10 mg 


Cherry flavor " !#r " * v ^ u ' ' iir ' ■ •" .i-> ' 


50 mg 


^ , : iDistillei.watenqs.OD .... 


100 mL 



' v fa The "sorbitol solution is added to 40 mL of distilled water and the retinoid 

5 ' ' and glitazorie are suspended thereon. The saccharin, sodium benzoate, flavor, and 

' dyi are added and dissolved. The volume is adjusted to lOO.mL with distilled 

water. Each milliliter of syrup contains 2 mg of retinoid and 0.35 mg of 

pioglitazone. ' • "■ • - •:. i / . 

"■' * "* 1 ' " J . 1 -~ r if- .* V ' ; «! : 

Suppositories 

1 0 A mixture of 300 mg of ^(2,4-diisopropylbenzdyl)benzoic acid, 200 mg 

of troglitazone, and 500 mg of theobroma oil is Stirred at 60°C to uniformity. The 
mixture is cooled and allowed to harden in a tapered mold to provide a 1-g 
suppository. 
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— - ' Parenteral Solution 

" ' • 'in'a solution of 700 n£L of p^pylei« giycol'M'2^ ml of sterile water is 
suspended 20.0 g of retinoic acid and 5.0 g ofrosig'utafcbriei thepH is adjusted to 
pH 6.5 with dilute sodium hydroxide, and the volume is made up to 1000 mL with 
5 water for injection. The formulation is ^rjlized, filled into 5.0^ .ampoules each 
-• ! - containing 2.0 mL, and sealed under nitrogen. . r ~ 

. r Preferred formulations are^tooserincorporating any of the preferred 

retinoids and glitazones to be utilized to inhibit cell proliferation and thus to treat 
cancer, restenosis and atherosclerosis, and similar vascular smooth muscle cell 
10'" 'J' proliferations. Specifically preferred are all = trans ,is ; omers f of retinoic acid, retinal, 
and retinol. Also preferred are the 9-cis isomers of retinoic acid, retinal, and 
retinol, as well as the 1 3-cis isomers of retinoic acid, retinal, and retinol. Certain 
Mr t retinoid esters also are preferred, for example, 3,7-dimethyl r 9-(2,6,6-trimethyl- 

cyclohex-l-enyl)-nona-2,4,6,8-tetraenoic acid, methyl ester, 
f 5 When the retinoid and glitazone are formulated together' the compositions 

: n ».,- will contain about one to about 1000 parts by weight of retinoid, and about 1000 
to about one part by weight glitazone. For example, a typical composition of 
- j:f: " ... 9, c is-RA and.troglitazone will contain about g^RAand about 500 mg 

of troglitazone. Such combination will be administered to an adult patient about 
) ; 20 1 ' once' each day to achieve a synergistic cpntrol of cell proliferation. 

. <\e:i / " v: The compositions may contain? common. excipiei\ts # an4. carriers such as 
' ' ^ 'starch, sucrose,' talc, gelatin, mtfhylcellulose, ^.andrmagnesiym.stearate. The 

>- * compositions will normally be made for or^adrmnistration, foj: instance as tablets 
or capsules, but also may be in the form of aqueous suspensions, qr solutions, 
25 suppositories, slow release forms, for example employing an osmotic pump, skin 
patch, or the like. ; - - 

The ability of the retinoid-glitazone combinations to inhibit cell 

~~. proliferation and .thereby treat canfcfet hw> beeu isUbliahcd in experimental 

: protocols. The following examples illustrate the surprising biological effects of 
30 the combinations. 
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\ '." car.: u , EXAMPLE 1 .• ~* • • ,, , , 
r PPARs exist heterodimerized to retinoid X receptor, (RXR) cm a gene 1 s 
prombter peroxisome proliferator responsive element (PPRE). The consensus 
PPRE corresponds to a hexanucleotide direct repeat sequence separated by one 
5 nucleotide. The RXR ligand, 9-cis-RA, a natural derivative of vitamin A, cannot 
only activate signaling pathways through PPAR-RXR heterodimer, but also can 
mediate transactivation through IJOl-RXRheterodimers-and RXRrRXR 
1 hombdimersi Clinically, iretirioic acid derivatives have been widely used to 
supplement cancer treatment- with variable outcomes. Indeed, utilityof retinoids as 
10 cancer treatment has been suggested nearlyrlOO years agq. Perhaps, variation in 

the ability'of retinoids to> suppress tumors.may be dependent pn PPARy expression 
T and toe' presence of natural ligands to PPARy. Therefore, it would be of interest to 
J determine whether PPAR and RXR ligands might cooperate to suppress cell 
proliferation. ; ' -"vr.-^.z' ,;v :v 

15 In the current study; RA treatment 6f human THP-1 monocytic leukemia 

cells induces expression of PPARyl RNA and protein. Under these conditions, 
RA caused a concentration dependent suppression of cell growth. At the lower 
concentrations, where RA was marginally effective in suppressing cell growth, the 
simultaneous tifeatmetii' of the tells with BRL 49653 completely blocked cell 
20 proliferation. Treatment with BRL 49653 alone was ineffective./These results 
^demonstrate RA induces'expression of PPARyl, and in the presence of their 
ligands, IPPARyl and RXR cooperate to suppress cell "growth. This interaction 
establishes the 'combinations are useful for growth suppression in other 
proliferative conditions (e.g., cancer, restenosis)' wh6n PPARy is hot highly 

25 . expressed. " - * r: 

' • • - : / ■ - * .or ■. r ;• 

MATERIALS AND METHODS 

J /. Cell Culture and Differentiation. Human THP- 1 cells were obtained from the 
American type Culture, Collection (Rockville, MD). Cells were cultured in 
. - : RPMI 1640 medium (GDBCO BRL) containing 10% fetal 1 bovine serum, 0.05 mM 
30 2-mercaptoethanol (GIBCO BRL). For RA treatment and macrophage 
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differentiation, cells were switched to differentiation medium (DM) containing 
? 1%'Nutridoma-Hu (Boehringer Mannheim), 0,05-niM, r 2 : jnereaptoethanol in 
" " RPMI 16140 medium with the addition^of 0itheriy^l^in.diniethylsulfoxi<te 
(DMSO) (0.2% of final volume).r. r .: ..?*z : rj ro>i >;■ -< V 

' " •• ' ■ — >• ■• i C'J . , •; 

5 Rnase Protection Assays<Total cellular RNA was isolated from THP- 1 cells 

toing Trizofcreagents (GIBCP BRL). The cD^.^ofee for the human PPARy was 
: ' - prepared by -rleverseVanscriptiortrpQlymerase chain reaction witii primers 
;1 : i ' geherated -from published se^uencesv The sequences .of ; 5;- and.3:-pligonucleotides 
' : '" £ used'were GACTGGIAAGGMJATGA^GGAipucleo^es.ll^-^) and ., 
lO' • : fcGGTTGGTGA AGAGCAG ATA (nucleotides,25 1-274),, respectively. Thus, a 

partial cDNA containing nucleotides ; l il r ?74 of hPPAR^ was subcjoned into the 
pCRH vector*(Invitrogen):A labeled antisense riboprobewp synthesized using a 
Maxiscript in vitro transcription kit (Ambion). RNase prptec^on assays were done 
with an Ambio'h RPAfl RNase protection assay kit,..- , if . 

15 c i ; .Western Blot Analysis. Tq detect the. PPARY protein, nuclear extracts were 
• ; r isolated as described by Andrews et al. forwesjpern blot .analysis, Wuc/eic Acids 
— *•' /iej.,1991;19:249.9. Protein cpncentrations were measured using Bio-Rad Protein 
Assay Reagent (Bio-Rad laboratories, CA)f^ ,. 
suggested procedure. Protein was separated on a 6% Tris-Glycine.gel (Novex). 
20 - " After electrophoresis, gels were transferred to. nitrocellulose membranes and 
,-j blocked, overnight in PB5T with 10% non-fat dry milk (Bio-Rad Laboratories, 
i GA) at 4°d Protein was detected using ECL western blotting analysis system 
(Amersham) following the manufacturer's suggested procedure. The primary 
antibody for PPARy was a polyclonal antibody generated with the PPARy 
25 C-terminal as epitope. 

Flow Cytometry Cell Cycle Analysis. THF-l cells treated will! RA fui 1 day 
were harvested and fixed with ice-coid 70%'ethahbl. The cells were then stained 

with a propidrom iodide solution (100 '^iM in Dulbecco's-PBS w Ca 2 +, Mg 2 + 

* •'■ * • ' ' ..ir- o- i'i AC- - .-■ n.. ■ 

. with 36U RNase A) and subjected to flow cytometry analysis on FACScan 
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(Becton Dickinson) jfpUojwing the manufacturer's suggested procedure. Data were 
analyzed,using,ModFit software (Verity Software House, Inc.). 

CD14 and CD15 Immunocytometry Analysis. THP-1 cells were treated for one 

4 ^ day with DMSO vehicle or RA, and then harvested and incubated with' 10% heat- 

« , " .si j . 

5 ni inactivated human serum (Sigma) to block cell membrane Fc receptors. After first 

* - — '« * > f ' \ i - - - 

staining with either a-CD 14 (Ancell) or a mouse isotype antibody control 

(IgG2a), or a-CD 15 (Ancell) or a mouse isotype antibody control (IgM). Cells 

- * * : . . . r • » **** * ■ V 
_ r were then treated with a propidlum iodide solution and subjected' toFACScan 

^ (Becton Dickinson) immunocytometry analysis. The FACScah histogram data 

10 were analyzed by CellQuest software (Becton Dickinson). ; 

: ' ' - A • -;;/ ^ T ; . ; .. : ■ .7 - • - , : 

L . £ ■■ , , f , - ; . . RESULTS 

^ . . t In the course of studying the regulation of PPARy expression in human 

■ - . THE-l monocytes, various stimulators were ised^ including the 9-cis-RA. It was 

; .. found that growth suppression was induced iri the THP-1 cells treated with RA 

15 . . alone. When cells were treated with'DMs6 vehicle alone/cdl number increased 

" ' > ■ yJ' "t.,, 'I;, V - Vt , . 

. . nearly two-fold after 2 days in culture. Retinoic acid caiisdd a concentration 
. dependent suppression of cell growth, with near cofnplete%owth arrest at the 

, t highest concentration (500 iiM) ' (Figure 1). At 500 nM RA, RNaise protection 
. A . analysis revealed PPARy 1 was upregulated in the RA-treated cells (Figure 2A). 
20 ...... , THP-1 cells treated with various concentration of &A demonstrated PPARyl 

o t expression increased in a concentration dependent fashion (Figure 2B, top panel). 

* ' - * ' s - - - if 

- lt v .- The nuclear PPARyl protein level (Figure 2B, bottom panel) paralleled the 

* ' * ■* * ■ * «.'. ■ '..'*. * ■ **■ 

...j , induction of PPARyl message (Figure 2B, top panel). 

4 c j To determine whether growth arrest was dependent on ligand interaction 
25 . ■ ; with PPARyl, cells were grown in the presence of BRL 49653 alone (Figure 3 A) 

.. or in combination with a low conpentration of RA (Figure 3B). BRL 49653 at 
.1 fiM (Figured A) had only a modest effect of decreasing cell growth by 16% after 
.2 days. At 10 yM, BRL 49653 cell proliferation .was inhibited by 55% after 
2 days. At 5 nM RA alpne (Figure 3B), cell gro^yth was inhibited by 49% after 
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' " ""''2 days! rioWever.'lhe siAatan^iisWmenr(*te««» : bolh 5 nM r RA plus 
1 uM or lO^M BRL 49653 caused a 64% and 10~^nrabiti6n in ceUigrowth, 
respectively (Figure 3B). Flow cytometry analysis was used to determine the 

' .. ... combined effect of RA a^BRL 49653 on me percentage bf^THP^l cells in Gl 
T - Phase (Figure 3C). In'the absence' of RA or iBRL ^9%53,' 34?9 £ 3.6% of cells were 



. .in Gl phase. Treatment with 1 ^M BRL49653^ in 
„. . number of cells in G l (34.5 ±3^5% of cells), while 10 ^MBRL '^9653 increased 
. weauraber of cells to 41.7 ± 5.2% in Gl. Treatment with 0.5, 5, or 500 nM RA 
. . .progressively, tacreasedthe Gl cell ^pulaUons to ±3.9%, 40.3 ± 2.7%, and 
10 42.7 ± 2.6%, respectively. Compared to eiAer . compound alone, the combination 
of RA plus BRL 49653 further increased the number of cells in Gl, reaching a 
maximal level (53.6 ± 3.6%) at 5 nM RA plus 10 uM BRL 49653 (Figure 3Q. At 
this combined concentration, cell proliferation is completely inhibited 

•,-zc .1 , (Figure 3B). i < a/ . u: >: _ . .. -..^ni\<: ., u 
.15 ,r ,. H To determine whether RA's effects on growth suppression were associated 
, < d . ,. with effectsx>n differentiation, toeJffiM Sdisads^^&m CD14 and CD15 
were determined by immunocytometry analysis ^following treatment with 500 nM 
RA (Fig^ 4A)- No difference in the cell surface expression of either ot these 
„. r w antigens equld be detected. The eifecte 
20, • }}l monocytes to macrophages were'also^ 
, plastic S urface,xharacteristic of mffere 
• , - determine cell adhesion, the number of remaining suspended cells was measured 
,.afte 1 day in culture (Figure 4B):'No'dtency m '& , fiumbero? suspended cells 
I was observed ' W 500 nM RA treatment. PMA-induced diffe'rehtiation decreased 
25 the number of suspended cells by 80%. the effect of itX piu^PMA treatment on 
cells adhesion wai similar to that of PMA ialone. Overall, these two control 
* experiments show that RA-mduced#owto arrest does not induce differentiation. 
! To determine l't'nuclear honiioiie luXptui induction by'ff A is specific to 
* ' undifferentiated bells (e: g ., tile THP-1 monocytes, Figure 2A), we compared 
30 ' ' PPARyi levels to that of amfferehtiatea ; THP-l derived macrophages. In the 
; uhclifferatiateo 'THP-1 ce'lls; PP^R/l wasiwfcicetf by RA (Figure 5A), as 
' " ' " previously sfiowi (Figure2A). IiJPMA differehtiated THP-1 cells, significant 
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levels of PPARyl 1 were observed, althoughxells were nottreated with RA. RA 

addition dtriiglmttuction of differentiation.did not further.i^crease the basal level 

of PPAkyr.'PPARyHevets were also not changed in cells treated with RA 

following PMA induced differentiation (Figure 5B). These data indicate that 

undifferentiated cells are sensiti ve*,to PPARy 1 induction, by RA - 9 while 

" differentiated cells' of the same lineage are not. . ,. v<> , 

J . \. . ....... 



DISCUSSION 



The foregoing expennients L estabUsh%at the induction of 
. . an important role in RA mediated growth suppression: RA treatment suppressed 
10 cell growth and enriched the Gl cell population; In that'RA is a ligand of RXR, 

.-P' — n ......... ^ 

which can heterodimerize with other nuclear hormone receptor partners (e.g., 
PPAkoC PPARp; PPA&y), thb data indicate a potential effect of the ligand might 
be to induce regulation of these partners. '>? Ic ' ^ . 

In ttirrnidifferentiated^mondcyte, PPARyl is expressed at low levels; 
15 however, when RA ispresent, the receptor >RN A and protein are markedly induced 
' (Figure 2). The PPARyi- induction was RA concentration dependent and inversely 
related to dell growth- suppression; At high levels of RA, growth suppression was 
complete; however, at low concentration of RA, cell growth was pnly partially 
impeded 1 unless exogenous ligand (BRL-49653).to. PPARyi was included in the 
20""" * gri'ti/tii media. These data establish that appropriate ligation,ofRXR/PPARyl may 
' } be an efficient means to completely block the proliferation of undifferentiated 

tumor cellsi Ceir cycle analysis confirmedttreatment with both ligands 
f 'significantly increased the proportion of cells in Gl phase when cell growth was 
arrested. - v ■ , . - 

•i . _< t ! 

{* • 

25 : It should be noted that the treatments with hi gh. levels of RA or the 

' combination of a : low concentration of RA plus a PPARy ligand blocked 
" proliferation without- inducing differentiation to macrophages. These findings 
contrast those in which" PPARy ovbrexpression cause fibroblast differentiation into 
adipocytes. Human liposareoma cells naturally.express RXR and high levels of 
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' '• • ' 'PPARy can be f6rced into terminal differentiation ^hen,tteated with pioglitazone 
v U: ~ alone" Unlike the lipbsarcoma cell studies where PP^Y^,highly expressed, the 
monocytic tumor cells "used in the current study, express minute _ amounts of 
* !? PPARy, and FA can be utilized:to induce expression. .It.shoujd also be noted that 
5 the combination-therapy '(RXR Ugand plus a glitazone) caused the differentiation 
of the liposarcoma, as reported by Tontpnoz et al,, Proc. hfafl.Acad. ?ci. USA 
1997;94:237-241, while in the foregoing study, treatment blocked monocyte 
proliferation without induction of differentiation. 

Growth suppression in tumor cells induced by the activation of PPARy 
10 •■' • ' thus provides new therapeutic ..targete on human diseases associated with 
i xxvj, uncontrolled cell.grow.th..It has been shown that the PPARy "gaud can cause 

growth?suppression in the tumor cells with .PPARy lughly expressed. The effects 
V- 1 of PPARy ligands on quelling tumor growth may be dependent. upon the 
: - endogenous level of PPARy expressjon. Ihdeed, if abundant|y ; expressed, 
15 monotherapy with PPARy Ugand.alone may be sufficient to block farther tumor 
growth by induction of differentiation.. Howeyerv tomoisuot expressing PPARy 
may be fcsilient to PPARyligand monotherapy unless^ rector is induced. In 
y\-.i i:-s theTHp.i cell model used above, proliferation w.as plcKsked wi|hout 
7 :c 1 differentiation^ however, other tumor types deficient in PPARy , when subject to 
< 20 this dual therapeutic approach, mayinstead fe^g^wjhju^re?aon by 

' - c j mffwentiatidn?Almbugbnot tested in the current study, induction of PPARymay 
■ y have-application in otherformslof cellular.prqliferation, 5 Pefhaps, induction of 

i Msh ppARy plus glitazone therapy prior tojuid following angioplasty, vessel 

- transplanter endarectomy wilhreducethe proliferative responses induced as a 
"' 25 [: consequenceoftheseprocedures.Theco 

used in these cell proliferation diseases. ,. ; 
"' ' : the aboVe data establish a new interaction between the retinoic acid 

signaling pathway an the PPAR pat hway. 1 his. new mtnaction uiay have provided 



• new-therapeutic targetsfon the. human diseases which are associated with 
30 uncontrolled cell growth. As ; for PPARy function in macrophage differentiation, 
' the-data demonstrated PPARy is; upregulated during PMA. treatment (induced 
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differentiation) in the absence of RA. Therefore, the induction of PPARy itself in 
the monocyte is not sufficient to cause differentiation. Since PPARywas also 
upregulated upon the PMA-induced macrophage differentiation, it shows that 
PPARy plays an important role in the regulation of the macrophage function, 



especially with respect to uptake o'f lipoproteins. 

.-iw/'. • t. "* • 
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' * • v] ' "'■ «•■ ' ;i - ••:<'■■• i CLAIMS--- - -.A: 

'.:\r. ,> ii ..i.r. .Vb :,= ;-. r „-.. 0 : ; •-, ;or ; j (j 

'* ' Wh'a't'is claimed is: r f. : :. : . .u j- . . ".-H ? -"j s ; £; ,/. : 

• :<; • • "• *f << « *« . , 

1. A composition comprising.^ r : etinpid and a glitazone. 

2. A composition according to Claim 1 comprising 9-cis-retinoic acid. 

5 3. A composition according to Claim 1 comprising a glitazone selected from 
pioglitazone, troglitazone, or rosiglitazone. 

4. A composition comprising a retinoid and troglitazone. 

5 . A composition comprising a retinoid and pioglitazone. 

6. A composition comprising a retinoid and rosiglitazone. 

10 7. A method for inhibiting cell proliferation in a mammal comprising 
administering to a subject in need of treatment a cell proliferation 
inhibiting amount of a combination of a retinoid and a glitazone. 

8. A method according to Claim 7 employing 9-cis-retinoic acid. 

9. A method according to Claim 7 employing a glitazone selected from 
!5 pioglitazone, troglitazone, or rosiglitazone. 

10. A method for inducing the expression of PPARyl in mammalian cells 
comprising administering a PPARyl inducing amount of a glitazone. 

rn A imdiu A-aeet e&ag te Claim 3 *™plnvin? troglitazone, piogl itazone, or 



rosiglitazone. 
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12. A method for inducing the expression of PPARyl in mammalian cells 
comprising administering a PPARyl inducing amount of a combination of 
a retinoid and a glitazone. 

13. A method according to Claim 12 wherein the glitazone is selected from 
5 ' pioglitazone, troglitazone, and rosiglitazone. 



WO 99/48529 



o PCT/US98/25494 



r 

LO 
CO 



o 

CO 



I- 



T 

lO 

csi 



o 



in 



CM 



o 
o 



CM 



LO 



CM 



LO 
O 



CM 



LU 



LU 



a 



H 

_j © 

LU * 

O — 



b 

D 
O 



SUBSTITUTE SHEET (RULE 26) 



PCTAJS98/25494 

3/11 



2 

UJ 



J3 



(i/\iuoos) va+ 

- - (lAlug)ira-F- 

:= (i^iuqoo) va+ 
oswa+ 




1 



I ' r SUBSnfUTE SHEET (RULE 26) 



4/11 



y. > 



CM 



U - 



CM 



CM 



F 
in 

CO 



CQ 



T 

o 

CO 



in 

CM 



O 
CM 



T 

in 



CQ -5 

p 



LU 



G ^ 

LU ' — 

5 CO 

^ 10 



H 
LU 
DC 
D 

b 

D 
O 



CO 
CD 



SUBSTITUTE SHEET (RULE 26) 



WO 99/48529 



:.PGT/US98/25494 



5/11 



H 

H 



. . • 



U . ... 



in 

CO 



o 

CO 



in 

cvi 



T 

o 

cvi 



LO 



CM 



CM 



CM 



in 



CM 



Q 3 

w S 

_ CD 



"5" m 

O 



PQ 

I 

O 



U 

= 8 

Zin 
_l ° 

LU * 



SUBSTITUTE SHEET (RULE 26) 



WO 09*48529 



7/11 




<^ > _J LU 

- - h J £D 

6 l°i 



"J - 'SUBSTITUTE SHEET (RULE 28) 



\VO 99/48529 



.PGT/US98/25494 




1 

W0 99/48529 ^PCTAJS98/25494 

* t 9/11 



o 



o 







+ 



CL 
+ 



+ 



o 

CO 

Q 
+ 



o 
o 



o 

GO 



O 
CO 



o 



o 

CM 



i 

O 



> _l \a 

K -I CO 

< "» s 



j- 



' . ; _. .SUBSTITUTE SHEET (RUl£ 26) 



WO 99/43529* ' " ' ; ' 



PCT/US98/25494 



aNVVIMd+ 



•'- MO/11 








1 ■ . t.. 


















t 


\> tin' 




. _ .. . . — ~ . . 







. 






- - 


• : ~r or 














• 








. \ 








............. . m 


MNP 






" j JO 0 





Q. CL 

o o 

o o 

CO A .1. ,^CNJ 



CL 

o 



I • 1 -J. 



.-.I." 

o 



SUBSTITUTE SHEET 





: n - 


sr * 


\ r 


. * a ' 




• t<: • 
■c*e 


*© v •• M 
• .> - - j i * 

" ■ * sr. .. 


.1 C * 

, ""j c ..Si 


♦ iHJ • . 










* * » ' * . * 









INTERNATIONAL SEARCH REPORT 



International Application No 

PCT/US 98/25494 



A. CLASSIFICATION OF SUBJECT MATTER «- 

IPC 6 A61K45/06 A61K31/19 A61K31/425 



According to International Patent Classification (IPC) of to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 A61K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic) data base oormutted during the international March (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



1 Category 0 


Citation of document with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


P,X-.„. 

1 t 

1 < 


JWD .Si A (TOTONOZ PETER jEVANS ROLAND 

M (US); FORMAN BARRY .M (US); SALYTNSf}; . 

9 July 1998 (1998-07-G9) , ; A - ~* 

> abstract. ...... .1 . . 

page 17, line 29; claims 1-21 ] rbt 


1-9 




WO 98 25598 A (DANA FARBER CANCER INST tN'r? * 
;ALTI0K SONER (US) ; SERRAF PASHA (US) ;) ' -OW&j 

- 13 June 199M1998-G6-K) r 

abstract 

claims 1-11,13,14,30-43 \% 


1-9 


X 
Y 


WO 97 10819 A (LIGAND PHARM INC)"' 
27 March 1997 (1997-03-27) 
claims 13-19 

-/- 


1-6 
7-9 



IE 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



0 Special categories of cited documents : 

'A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international 
filing date 

I V document whioh may throw doubts on priority olaim(s) or 
whieh is efted te o etihtiih the mrhlinntmn d flfr of — 



T later document published after the international nling date 
or priority date and not in contact wfth the application but 
died to understand the principle or theory underlying the 



citation or other special reason (as specified) 
'O* document referring to an oral disclosure, use, exhtoition or 
other means 

•P* document pubfished prior to the intemationaJ fBing date but 
later than the priority date claimed 



"X7 document of particular relevance; the olaimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

■V riBeMnwr.tQfpsrfPiilerrofevanr^irtifflnlairnifl Inwmtinn 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, suoh combination being obvious to a person skilled 
hi the art 

*&" document member of the same patent family 



Date of the actual completion of the international search 

22 April 1999 



| Name and maifing address of the ISA ' v ' r * ~~ 

European Patent Office, P.fr 581 8 Fatonttaan 2 I : 
NL-2280HVR5swi* 
TeL (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (♦31-70)340-3016 



Date of maifing of the international search report 

0 7 SEP 1999 



, Authorized officer 



Tzschoppe, D 



Foon PCT/ISA/210 (MConO »heet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



PCT/US 98/25494 



CJContinuifton) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category' 




/itpvam co Qtarm no, 


X 


T0NTON0Z P It AL:~ '"TERMI NAL ~ " 
"DIFFERENTIATION* OF' HUMAN LI POSARCOMA CELLS- • - 
INDUCED BY LIGANDS FOR PEROXISOME 
PROLIFERATOR-ACTIVATED RECEPTOR GAMMA AND 
THE RETINOID X .RECEPTOR' , «..- ■• ... .,. .j • 
PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES OF USA, 

237-241, XPe82062382 
cited in the application 
r . abstract sm ... . 

page &*tl, icTX-nana column,, fiaragrapn x : .^tr -. ..t r- 


■ * i 
j 

1- 6. "_" - ; 




EP 6 552 624 A (HOFFMANN LA ROCHE) 
28 July 1993 (1993-07-28) 
claims 1-6 


! 

1-9 




.WO 96 29069 A (ALLERGAN INC ; REGENTS BOARO 
"OF (US)') 26 September '1996 (1996-09-26)"' " ' 
jpage 2, line 18 - page 5, line 23 


: *-9>- ."" •: , 


ft/ 

. Y- - . 


iic c not* en A M cc un cti t ct ai ^ * 
-US 5^489. oll_A A.LE6. .HtLfeN. T tJL.ALJ _ , 

6 February 1996 ; ( 1996-02-96) 

column 1, line^ 36* - line 51; cUims 1,6 1 ,u% v 


J ' -1 ft - 

, l.~9 ^ _ 

t 


Y 


Medline Database, abstract no. 9624268 
& Am.J.Hypertens, 1996, vol. 9, no. 2, 
pages 188-92 
XP002100863 
abstract 


' r: l-9 " • 


Y 

i t 


• Medline Database,- Abstract -no. * 97274Q63 - - ^ v 
& Am. J. Hypertens.; 1997, vol. 10, no. 4 
Pt 1, p. 440-446 

ArUUclUUOO 4 * 

' " abstract - 1 1 J ' ' ■ " " ' ' >' ! " "f , 

... .♦. ; s! t '« ■. « 


- 1-9 

1 

- $ . ■ 






£ j 

i 




. ■. : L-.t . r.- • ;e . *» ,-r.. '. ^rVj ■ " ' 






r . f , : ■<! it. z, y*. • ' 





page 2 of 2 



■ I - v . • 



INTERNATIONAL SEARCH-REPORT u „~ II V o 



intern atio nai app&cation No. 

^TCT/SyW 25494 



1. Q aaims Nos. 



Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 

This International Search Report has not been established jn respect of.certain clairnSunoe} Aflj&lrt7(2)fa) for the following reasons: 

they relate to subject matter not required to be searched by this* AumoiSyj namely: I 1 ' "M 

□ , i o i . ? ;i !"';o • : .J i - 

Claims Nos.: J >■» 
1 -» they relate to parts of the International Application .that do not comply with the prescribed reb^irdmtehte to such 

tt that noi meaningful International Searoh can'oe cam^ ■ 1 " ■! 



3. [~| Claim»NoB.: • '.A: *? 'J« . 2JJA - , . < a t 

— because they are dependent claims and are not draped in accordance witrj,the ^^PH,? ,^ nd ^rd sentences of Rule 6.4(a). 



Box II Ob»wvattons where unity of Invention ia lac rdn^ (Continuation fijf jtem 2 of first sheet) ^ 



This International Searching Authority found multiple inventions in this international application, as follows: ' 



See additional sheet 

t 



1 . [ I As all required adcStional search fees werejimely paid by the applicant, this IhterrtfitipnekSeajoh Report covers all 

' — » searchable claims. A ^ - ^ \ y . 13 JT* P Stf 5 ' 

* '-t .c J 1 ' 

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. — • ' - ■ : 



□ As only some of the required additional search fees were timely paid by the applicant, this international Search Report 
covers oi 



1 covers only those claims for which fees were paid, specifically claims Nos.: 



4 , |X | M e req uire d add i ti on al searah f ees w ore timo l y p aid by the applicant. C o ns e qu e n t l y , th is 
— restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



In t e rnati on al G e aw h Report i s 



1 - 9 



Remark on Protest 



|^ j The additional search fees were accompanied by the applicant's protest. 
| No protest accompanied the payment of additional search foes. 



Fc*mPCT!SA/210(coritirw^ (1))(July 1998) 



International Application No. .PCT/US ' 98 725494 



FURTHER INFORMATION C NTINUED FROM PCTASA/ 210 



1. Claims: 1-9 



Compositioffs containing a retinoid and" a glitazone and use 
thereof for inhibiting cell proliferation 



2 V, Claims: 10-13: 



0 »> 



Method for inducing expression of PPARyl comprising 
administering a glitazone or a combination of a glitazone 
ancLa retinoid . uv -'^^ 

.■v •„ ... ; .;; .'<• .. : ,.: 

•i.- -•' r. . . • - - , .... 



• - 1 >v> .'J -- V a: >\\ v. - 4 : ^ ~ \ 



'V . 



*>? fit- 



it i' 



sir >\. t-y. ■. 



